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DISCUSSION OF THE POSSIBLE SOURCES OF GEOACTIVE CORFPUSCLES
IN THE SOLAR ENVELOFE
by
E. R. Mustel!

1. METHODS OF STUDYING CORPUSCULAR STREAMS

Undoubtedlys the most important problem in the study of corpuscular
streams is the localization of the sources of corpuscles in the soiar enve=-
lope. This is a very important problem because the methods of predicting
the invasion of the earth's atmosphere {its upper layers) by solar corpuscles
somehow must derive from thevknown sources of ejection of solar material.
Various methods can be.used to determine the source of corpuscles in the solar
envelope :

1) comparison of the different formations and-phenomena in the solar en-
velope with geomagnetic and ionospheric disturbances, amplifications and
attenuations of the intensity of cosmic rays and other effects on the earthj

?2) attempts at direct spectroscopic detection of corpuscular streams en
route from the sun to the earthj;

3) study of the possible‘mechanisms of ejection of atoms from the sun and
their further study.

In practice, one must combine these umethods and add others to solve the

problem. Before proceeding to a direct discussion of the whole problem, we

will make some remarks about the above methods.

When using the first method, the method of comparison, we must first turn
to the directly observable formations in the solar envelope. Only when there
are no details visible on the sun which could be considered the so of
various effects on earth (geomagnetic disturbances, etc.), should different

hypotheses be introduced on the nature of corresponding regions in the solar
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envelope not marked by directly observable formations. Such "hypothetical
regions include, in particular, Bartels' M-regions, which are frequently
cited in discussions of this problem.

The spectroscopic methods of detecting and studying corpuscular streams,
which will be considered in other papers at this conference, are very impor=-
tant and interestingp they are usually based on the assumption that the
optical thickness of corpuscular streams along the line of sight, for certain
spectral lines, can be either comparable to unity or not much less than unityc

Thus, the corpuscular stream can form its absorption line shifted from
the normal position (due to the movement of atoms from the sun). When super-
imposed on its corresponding ordinary absorption line in the solar spectrum,
this line must cause a certain asymmetry in the ordinary line. There are
reasons for assuming that if this effect actually does exist, it should be
observed first of all in the most intense lines of the solar spectrum, in the

H and K lines of Ca® and in the first lines of the Balmer series of hydrogen,

o
especially in line H, with the wavelength X = 6563 A.

Above, we said that the stream can form its own absorption line. How-
ever, this does not exclude the possibility that, due to very peculiar, ano-
malous conditions of the excitation of atoms in the stream,emission effects
will predominate over absorption effects. In this case, the stream will form
an emission line rather than an absorption lines then the asymmetry effect on
the basic absorption line of the solar spectrum will be opposite in sign to
the effect which would be obserwved were absorption to predominate.

Unfortunately, thus far attempts to détect the effects of absorption from
corpuscular streams have not led to unambiguous and indisputable results. In
any case; the asymmetry effect lies at the threshold of accuracy of contempo-
rary photographic and photoelectric observations and, thus, a great deal of
work is required in this area. A. B. Severnyi, at the Crimean Astrophysical

-3-

Observatory of the Academy of Scicnces, obtained very interesting results on
the asymmetry effects due to the additional emission of atoms in corpuscular
streams, and will present them in his paper.

One should note the intrinsic fault of the above method. Vhen this
method is used, it is extremely difficult to determine the final direction of
the streams coming from the sun, since the ionized calcium and hydrogen atoms
should be ionized rather quickly in coming from the sun, whereupon the ab-
sorption processes in the corresponding line cease. In other words, these
effects should be substantial in the immediate vicinity of the sun's surface.
Further, study of the different solar phenomena shows that there are certain
factors (no doubt of an electromagnetic nature) which can deflect the streams
in various directions from their initial direction. In this connection, the

effects of asymmetry in ab-
sorption give us an idea only
of the localization of atoms
in the streams near the sun's
surface, but deo not give an
accurate indieation of the
direction of ejection of these
atoms, Figure 1 illustrates
Figure 1. An explanatory drawing of the ab- this. In the first case, the

sorption and emission effects from corpus-

cular streams. the direction of the atoms

- +)
ejected from the active region AA  is indicated by the letter B, in the second
case by C. These atoms can create possible absorption activity only to dis-~

tances delineated by line aa. Therefore, we cannot determine the final direc-

tion of the ejected atoms. The same applies to emission effects, The inten-

*)
Generally, however, this zone should differ somewhat for the H and K lines
and the lines of the Balmer series.
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sity of these effects (besides the other factors) should be determined by the

density of the matter in the stream, which décreases with distance.

We would be able to make considerable progress if a systematic study could

T

be made of the asymmetry effects in the far ultraviolet lines Lgs Tg eee s

of the Lyman series of hydrogen. These lines start from the ground
levels of the hydfogen atom and, due to the extremely high hydrogen content
of the solar envelope, must be exceptionally strongs therefore, it is quite
possible that the effect of ionization in the given case may prove to be sub-
stantial at far greater distances from the sun than is the case for the H and

K lines and the lines of the Balmer series. This zone is indicated by the

line bb in figure 1.

However, even here there are difficulties. First, the lines of the Lyman

series can be studied only by using high altitude rockets., Second, only in-

tegral solar radiation is recorded by contemporary rockets, i.e. the radiation

of the entire solar disk. Further, as follows from figure 1, in studying the
direction of the streams we must investigate the effects of asymmetry in lines
at different points of the solar disk. In other words, only a study of the
displacement of the effective center of the "corpuscular" line of absorption
(or the emission line) on the disk can give an indication of the direction of
the stream. These same things mist be considered when one studies the possibi-
lity of radio emission from corpuscular streams. Since the density of the
matter decreases with distance from the sun, probably even in this case we
would get information on the movement of atoms only in the immediate vieinity
of the sun.

We will coument briefly here on the mechanisms of corpuscular ejection
from the sun, It is quite evident that in working out the mechanism of the
flow of matter from the sun, we should begin our study by establishing the

forces that cause this flux. Furthermore, the regularity of this mechanism
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must be checked constantly on the basis of regularities in the effects of

‘these streams on the earth, such as the 27-day recurrence of geomagnetic dis-

turbances, seasonal regularities in geomagnetic activity, etc.

Keeping these general remarks in mind and since the study should begin

with the various directly observable forms of solar activity, we will discuss

the various formations on the sun's surface, examining them as possible sources

of solar geoeffective corpuscles. We will start with sunspots.

2. SUNSFOTS

Sunspots were discovered much earlier than the other active formations

on the sun.

They are the most conspicuous and easily observed details of the

sun's surface. This is why the comparison of geophysical manifestations of

solar activity and solar phenomena began with sunspots. Very abundant data

have already been gathered on compzrisons of this kind, from which it follows,

apparently, that sunspots are not an important source of corpuscular emission

and that the "geoeffectiveness" of sunspots "discovered" by various authors is

not due to these spots but to other forms of solar activity closely related

to sunspots. Among these forms are faculae, flocculi and chromospheric flares,

about which something will be said later,

However, for the sake of clarity we will formulate the present state of

the question. Even in 1929, when meking a comparison of sunspots and geomag-

netic disturbances, the Greenwich astronomers, Greys and Newton, found (see

[1_7, pp. 188-190) that the number of spots in the central part of the solar

disk at the momerni a magnetic storm begins is greater than the mumber of spots

on magnetically calm days, and this increase becomes conspicuous beginning

with quite intense storms and is most sharply expressed in the case of very

large storms. This conclusion was confirmed in 19L8 by Newton /2.7 on the

basis of more complete data. We give his graph here (figure 2). The days,
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sity of these effects (besides the other factors) should be determined by the
density of the matter in the stream, which decreases with distance.

We would be able to make considerable progress if a systematic study could

be made of the asymmetry effects in the far ultraviolet lines Lys Lﬁ ees

of the Lyman series of hydrogen. These lines start from the ground
levels of the hydfogen atom and, due to the extremely high hydrogen content
of the solar envelope, must be exceptionally strongs therefore, it is quite
possible that the effect of ionization in the given case may prove to be sub=
stantial at far greater distances from the sun than is the case for the H and
K lines and the lines of the Balmer series. This zone is indicated by the
line bb in figure 1.

However, even here there are difficulties. First, the lines of the Iyman
series can be studied only by using high altitude rockets., Second, only in-
tegral solar radiation is recorded by contemporary rockets, i.e. the radiation
of the entire solar disk. Further, as follows from figure 1, in studying the
direction of the streams we must investigate the effects of asymmetry in lines
at different points of the solar disk. In other words, only a study of the
displacement of the effective center of the "corpuscular" line of absorption
(or the emission line) on the disk can give an indication of the direction of
the stream. These same things must be considered when one studies the possibi~
lity of radio emission from corpuscular streams. Since the density of the
matter decreases with distance from the sun, probably even in this case we
would get information on the movement of atoms only in the immediate vieinity
of the sun.

We will comment briefly here on the mechanisms of corpuscular ejection
from the sun. It is quite evident that in working out the mechanism of the
flow of matter from the sun, we should begin our study by establishing the

forces that cause this flux. Furthermore, the regularity of this mechanism
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must be checked constantly on the basis of regularities in the effects of
‘these streams on the earth, such as the 27-day recurrence of geomagnetic dise
turbances, seasonal regularities in geomagnetic activity, etc.

Keeping these general remarks in mind and since the study should begin
with the various directly observable forms of solar activity, we will discuss
the various formations on the sun's surface, examining them as possible sources

of solar geoeffsctive corpuscles. We will start with sunspots.
2. SUNSFOTS

Sunspots were discovered much earlier than the other active formations
on the sun. They are the most conspicuous and easily observed details of the
sun's surface. This is why the comparison of geophysical manifestations of
solar activity and solar phenomena began with sunspots. Very abundant data
have already been gathered on comparisons of this kind, from which it follows,
apparently, that sunspots are not an important source of corpuscular emission
and that the "geoeffectiveness" of sunspots Mdiscovered" by various authors is
not due *to these spots but to other forms of solar activity closely related
to sunspots. Among these forms are faculae, flocculi and chromospheric flares,
about which something will be said laters

However, for the sake of clarity we will formulate the present state of
the question. Even in 1929, when making a comparison of sunspots and geomag=
netic disturbances, the Greenwich astronomers, Greys and Newton, found (E_iee
/175 pp. 188-190) that the number of spots in the central part of the solar
disk at the moment a magnetic storm begins is greater than the number of spots
on magnetically calm days, and this increase becomes conspicuous beginning
with quite intense storms and is most sharply expressed in the case of very
large storms. This conclusion was confirmed in 1948 by Newton /2.7 on the

basis of more complete data. We give his graph here (figure 2). The days,
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counted in both directions from the moment any group of spots passed across

the central meridian of the sun, are plotted on

the x-axisj the indices of geomagnetic activity )

for the corresponding days, along the y-axis. \ /
\~

Each curve is a mean curve based on data of the
passage of many groups of sunspots. Curve A /"\/\

N~

is based on 2L groups with an area greater than

1500 millionths of the solar hemisphere (the ! \'/\ PN

largest spots)s curve B includes Lé groups with ) -.....J\‘ 0
0 e <8 2 +l6
an area of 1500-1000 millionths of the solar days

hemispheres curve C includes &4 groups with an Figure 2. The intensity of
geomagnetic disturbances be=

area of 1000-750 millionths of the hemisphere fore and after groups of
spots of different sizes

and curve D includes 180 groups with an area cross the central meridian
of the sun.

of 750 - 500 millionths.

We see that actually a marked increase in geomagnetic disturbances is ob-
served after the passage of a large group of spots across the central solar
meridian. For curve A the average lag of disturbances is about 1 1/2 days, for
curve B about L days. No clear relationship has been obtained for smaller
spots. Let us note that according to Alken /3 7, this result does not apply
to chromospheric flares, which will be discussed later. All these deductions
could be interpreted such that only intense magnetic storms would be associ~
ated with spots, while most weak and moderate storms would not be related to
the presence of spots on the solar disk. Imwsver,.it is difficult to agree
with such a conclusion from the physical point of views A number of other
factors can be added here. Ve know that very frequently stable strong 27-day
sequences of geomagnetic disturbances are observed in absence of sunspots

(especially in years preceding minimum solar activity), but even when there

are spots geomagnetic disturbances are not stable - they appear and vanish.
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Obviously, this contradicts the fact that geomagnetic disturbances recur,
which indicates the presence of some stable source of corpuscles. In this
respects apparently no one seriously considers sunspots to be a source of geo=-
effective corpuscles. Further, it must be mentioned that sunspots play a
very great role in the physics and geometry of corpuscular st.eams. Thus, for
example, sunspots with a strong magnetic field can deflect the atows and ions
of a corpuscular stream that are ejected from acjacent areas of the solar en=
velope. The magnetic field of sunspote can increase the solid angle of

corpuscular streams and, finally, can decelerate the moving corpuscles, etc.
3. FACULAE AND FLOCCULI

We feel it would be useful here to elucidate some of the basic definitions
of solar science, since at this conference there are many representatives of
specialities allied to ours. Almost everyone knows what sunspots are, but
the pature of the other formations of the sular envelope are not always clearly
understood.

Iet us recall that basically all the solar radiation which we observe in
the optical region comes frow a comparatively thin gaseous layer, 200-300 km
thick, called the photosphere. Basically, the absorption lines also form in
this layer (which has an average temperature of the order of 6000°). Some-
times, for various reasons, the photosphere is arbitrarily divided into two
layers: the lower, called the photosphere, and the upper, called the revers-
ing layer. This division ol the photosphere is related to the facht that the
continuous solar spectrum is usually determined by the lower layers of the
photosphere, while to a considerable extent the absorption lines stem from the
upper layers. However, this division of the photosphere into two layers is
highly arbitrary, and so when we speak of the photosphere we will have both

layers in mind.
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Above the phiotosphere there is a considerably more extensive and rarefied though ulae can also be observed outside the upots. Faculae are almost
layer called the chromospheres it is about 1500 km thick. Finally, abuve the invisible in the central parts of the cisk. Spots have a lower temperature
chromosphere is the vast outer solar envelope, the solar corona, whose basic - and faculae a higher temperatureﬂ than the adjacent layers of the solar
properties are a very high kinetic temperature (of the order of one million photosphere.
degrees) and very low density of matter. The chromospheric layers above the faculae are called flocculi (figure L).

Atoms in flocculi are in a state of higher excitation than those in the adja-
cent layers of the chromosphere situated at the same levels. Further, since
* - the central parts of the strongest lines of the solar spectrum, basically the

+ . : ceed
H and K lines of Ca’ and the H, line, occur in the chromosphere, the emission

in the central parts of these lines must be h er above the faculae, i.e. in
the flocculi. Therefore, if we photograph the solar disk in the central parts
of the H and K lines or Hy, it should be bright in nlaces where there are

flocculi.

Figure ©, obtained on the dual spectroheliograph of the Crimean Astro-

physical Observatory, chows a photograph of the sup taken in the central parts

Fifure 3. of the Hy line of hydrogsn (figure Fa) and « photograph taken in the light of

Sunspots and faculae.

one of the lines of ionized calcium (figure Sb). Fhotographs made in the

light of any spectral line are called spectrohcliograms. In figure S it is

| evidént that the bright caleium flocculi occupy a much larger area than the

culus ' - - N -
flocerdu ch: bright hydrogen flocculi. According to M. W. Gnevyshev and R. S. Gnevysheva,

T
TO“\OSV‘\S [—
o ,lf,"e?Q,L~ / v calcium flocculi coincide in area and shape with the faculae and thus an active
- GRoLOSY " T ++)
pee ~< region is best represented when it includes spots, faculae, flocculi and
i , ; . ;
Figure L. the prominences associsted with spots. The dark, irregularly s

Defining faculae and flocculi.
which are especially apparent in the hydrogen spectroheliogram, are promi=-

Sunspots and faculae generally appear in the photospheric layers. Facu- nences locaied azbove the chromosphere. They conceal the solar disk from us in

N - R s +7
lae appear as lighter areas on the solz: disk when the sun is viewed through Actually, the law of temperature distribution in a facula is very complex.
+

+ i . s - ;
a telescope (figure 3). As a rule, sunspots are surrounded by faculae, al Faculae can be observed clearly only on the limbs of the solar disk, while
flocculi can be observed over the entire disk.
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such places and seem darker by contrast.
The author surmises that
faculae or calcium flocculi
(which are the same from the
point of view of the position
of the active region on the
solar disk) are one of the chief
sources of Eeoeffective solar
corpuscles. In 1942, the au~
thor /i 7 discovered that the
passage of each facular field
across the visible center of the
solar disk is accompanied, after
a fixed time interval (several
days), by geomagnetic disturbe
ances of various intensities.
This finding was verified in
19L2-1945 by the data of the So-
lar Service of the P. K. Shtern=-
berg State Institute of Astron=-
my“’ and then by the data of

the leudon synoptic charts for

this same period. Furthcrmore,

the comparisons were checked a=

Figure 5.

ainst th - e
& e data of Meudon syn Hydrogen and calcium flocculi.

cptic charts for 1929-1935.

7 This agrees, in particular, with the fact that floccular fields are usually
relatively stable formations (as opposed to spots) for many rotations of the
sun,

++
) Sluzhba Solntsa Gosudarstvennogo astronomicheskogo instituta imeni P. K.
Shternberga.

L
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Further, in 1951-195L a continuous check on this finding was made by the

Solar Service of the Crimean Astrophysical Observatory of the Academy of
Sciences of the U.S.S.H.‘ This is a particularly important period, because
for it we have photographs of the calcium flocculi for every day of the summer
and nearly every day of the year. The material was provided by the above

mentionéd services and those of the other observatories of the U.S.S.R.

Figure 6. The radiality of corpuscular streams from flocculi.

A1l these comparisons confirmed our finding. From the geometrical point
of view, this means that the corpuscles travel radially from the calcium floc-
culi, which is easy to understand from figure 6 where QQ is the solar equatore.
The shaded areas A, B, C are flocculi which are moving across the central
meridian of the sun POP due to the sun's rotations PP is the axis of rotation
of the sun. Flocculus B is traveling across the visible center of the solar
disk. If the corpuscles actually travel radially, the streams from flocculi
4 and C will bypass the earth and the stream from flocculus B will approach
the earth sometime after the flocculus crosses the central meridian, after

However, it should be stipulated

that radial streams from the sun cannot cause a large part of the geomagnetic
disturbances in all years of the ll-year cycle of solar activity. We know

that the mean latitude of different formations on the sun changes with the

+)
Sluzhba Solntsa Krymskoi astrofizicheskoi observatorii Akademii Nauk SSSR
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phase of the solar cycle. Spots, faculae and flocculi have practically the
same law of change of latitude. The mean latitude of these formations is
minimum in the year of minimum solar activity. The flocculi and spots are
closest to the equator at this time. Their mean latitude is of the order of
76% A new cycle of solar activity begins immediately after the minimum and
all the enumerated formations are observed in high latitudes, on an average at
latitudes of X 25°. After this, the mean latitude of the spots and flocculi
begins to decrease and around the solar activity maximum it is near * 15°.

The decrease in latitude ends in a year of minimum solar activity, then the
whole process is repeated. In connection with these very important laws, for
two to three years after a minimum all floceuli are located at such high helio-
graphic latitudes that if the streams travek d radially, all atoms would have
to bypass the earth. In other words, the situation represented by flocculi A
and C in figure 6 would be realized.

Further, we know that geomagnetic disturbances are observed immediately
after a solar activity minimum, and there are grounds for considering that
some of these disturbances are caused by flocculi. The author D] has come
to the conclusion that flocculi located at high heliographic latitudes can be
a source of geoeffective corpuscular streams. In this case, obviously, it
should be considered that as before there is a radial flux of atoms from the
flocculi, but that the atoms are deflected by the magnetic field of the adja=
cent sunspots or by other local fields, whose presence on the sun has recently
been established. If this deflection is such that by chance the stream is
directed toward the earth (figure 7), geomagnetic disturbances will be ob-
served. Since the configumation of the sunspots in a flocculus and the struc-
ture of the magnetic fields in a group of spots can be different in every
case, the nature of the deflection of the corpuscular stream from a flocculus

can also differ. In other words, the invasion of the earth's atmosphere by

-Yr 2014/05/30 : CIA-RDP81-01043R004500220001-3

-13 -

corpuscular streass must also be of a random nature. This, evidently, is the
reason for the railure of numerous attempts to relate geomagnetic disturbances
to the passage of sunspots and flocculi across the sun's central meridian.

Generally, if the spot group

flocculus

1s very large, its magnetic field
will be very complex. Hence, the

deflection of particles ejected

from different parts of the floc-

culus surrounding this group can N .

be very different., This is equi-~ Figure 7. Deflection of streams of cor-
puscles from flocculi by magnetic fields.

valent to an increase in the solid

angle of the stream leaving the flocculus. Possibly this is directly related

to regularities shown in figure 2. The larger the spot group, the more com=-

plex its magnetic field, the greater the solid angle of the stream and, con=

sequently, the greater the probability of its atoms striking the earth even

if the groups are located in high heliographiec latitudes. Another factor which

increases the probability that these atoms strike the earth is the fact that

the area of the flocculus will be the greater, the larger the spot group,

since the flocculus surrounds the spot group. Thus, the regularities depicted

in figure 2 oan be explained satisfactorily if we consider that the flocouli

surrounding the spots and not the spots themselves are the sources of the

geoactive streams.

There are still other considerations which strengthen the hypothesis that
spots deflect streams caming from flocculi. As has already been mentioned
DJ, in a number of cases floccular (facular) fields passing across the
visible center of the solar disk did not cause geomagnetic disturbances. In
practically all these cases, there were spots inside these fields and the

author concluded that spots constitute 2 certain disturbing factor. In de-
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flecting the corpuscles coming fram adjacent flocculi, the magnetic fields of
spots can make the flccculi crossing the visible center of the solar disk non-
geoactive and the flocculi of high latitudes geoactive., Allen's [3_7 statis=-
tical findings infer that spots are a factor which influences the conditions
of the departure of corpuscular streams from an active region. Finally, the
specific structure of the coronal regions above spot groups (/5_7, p. 155)
attests to the fact that sunspots exert a certain disturbing influence of an
electromagnetic nature.

As one of the basic sources of geouctive corpuscles, flocculi satisfy
these general laws that have been found from the study of geomagnetic disturbe
ances and other phenomena associated with them. First, the conclusions stated
regarding the radial flux of atoms from flocculi agree with the important
finding of M. N. Gnevyshev and A. I. OL! tHat the solid angle of solar cor=
puscular streams is very small, about 8-9°, i.e. that particles move almost
radially from the sun /6 7. Section 5 of our work contains a special dis-
cussion of the radiality of solar corpuscular streams. We will see that the
most recent data completely confirm this finding, although certain more accu-
rate definitions are needed.

Second, radial streams from flocculi are in agreement with the fact that
the 27-day recurrence of geomagnetic disturbances becomes more sharply ex=-
pressed as one goes from maximum toward minimum sclar activity (figure 8). In
figure 8a, line ABC isa "edge" projection of the earth's orbit onto the
plane of the diagram. In other words, the plane of the ecliptic in figure B8a i
perpendicular to the plane of the diagram. The fact that the plane of the
solar equator QQ is inclined 7.2° to the plane of the ecliptic is of fundamental
importance for what follows. In this case, the earth is at points A and C on
S liarch and 7 September. At these times (and close to them), the vector radii

drawn from the center of the sun to the earth intersect the sun's surface in

0-Yr 2014/05/30 : CIA-RDP81-01043R004500220001-3

e A

-8
~-....__Summer, winter

T~

T

Figure 8. An explanatory drawing of the effect of radiality
during the solar activity cycle and also during a year.

the highest heliographic latitudes, at about 7°. In other words, at these
times the heliographic latitude of the visible center of the solar disk

(points a and ¢ for observers at A and C) is at the maximum possible value,
7.2°% At times 1/)4 year removed from the above, the earth is at point B and,

correspondingly, at point B', which we can mentally locate at point B but be=

yond the plane of the diagram. At these times, the vector radii drawn from
the sun's center to the earth intersect the sun's surface at the equator, and
the heliographic latitude of the visible center of the solar disk is close to
zero. However, the heliographic latitude of different formatiors on the sun
changes during the ll-year cycle of solar activity., The mean latitude of
spots and flocculi is maximum immediately after a year of minimum and then de-
creases continuously, being least in years of minimum activity. Thus, at
each given moment, these formations occupy a wide belt on the sun. This is all
depicted in figure 8b. Belts a and a' correspond to years following immedi-
ately after a year of minimum solar activity, belts b and b! are shown for
years of minimum activity.

QQ is the sun's equator. Spots and flocculi are
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rarely observed on the equator itself. According to figure 8b, the angle AOC

includes the vector radii (drawn from the center of the sun) which are direct-
ed toward the earth during the year. Figure B8b shows that the radial streams
from belts aa' must bypass the earth (if they are not deflected by the magnetic
fields of the spots). As the minimum is approached, more and more frequently
the earth comes into radial streams from the sun, i.e., the recurrence of
disturbances should become more and more pronounced. It should be noted that
the mean latitude of flocculi in years of maximum is near % 159, but that
quite a few flocculi are observed between + 15° and = 15° during these years.
At these latitudes, flocculi are even observed two years before the solar
activity maximum! All this is very important in that it points up the possi-
bility that the examined mechanism is effective for a long period within the
solar cycle. It must be mentioned that even at latitudes higher than 2 7.2%
flocculi can cause the recurrence of disturbances. If the configuration of
the magnetic fields in a flocculus is sufficiently stable with respect to
time, the deflection of corpuscles from the flocculus will remain the same for
a number of successive rotations of the sunj hence, if the stream is deflected
toward the earth the first time (figure 7), it will be deflected toward the
earth in the successive rotations as welll
As follows from figure 8, the radial streams from flocculi explain anothex
important regularity in geomagnetic disturbancess namely the seasonal changes
in the behavior of these disturbances. Geomagnetic activity is maximum in
ad

Sentember) and is minimum in summer and

winter. All this is evident from figure 8b. When the earth is near direction
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In conclusion, let us pause briefly on the question of the possible
mechanism of the ejection of atoms from flocculi. In a number of works [7 -
10_7, the author exarined the mechanism of ejection of ionized calcium atoms
from flocculi and the entrainment of hydrogen atoms by them. Above the
flocculi, the selective light pressure (in lines H and K) on the ionised cal-
cium atoms exceeds the gravitational pull and in principle these atoms should
leave the sun, carrying wit!: them the other atoms, which are chiefly hydrogen
atoms. The following considerations can be cited in favor of this mechanism:
1) the efflux of atoms here should take place from the solar regions
where it is actually observedj

2) there is a very real ejection force, namely light pressures

3) this mechanism is characterized by radiality of bundles of corpuscles
/77 which is also in complete agreement with observations.

On the other hand, there are objections to this mechanism:

1) possible ionization of the calcium ions in the solar corona by elec-
trons of the coronaj

2) the resistance of coronal matter to bundles of ca* and H atomsj

3) details of the mechanism of entrainment of hydrogen atoms by calcium
atoms, etc. are still unclear.

Means for overcoming these difficulties have been examined by the author
in [7-10_7. Due to lack of space we will not discuss these questions here,

especially since this problem should be solved on the basis of observations,

OB, i.e. in summer and winter, the intensity of the corpuscular flux from the
equatorial regions (where there are very few flocculi) must be minimumjp in
£all and spring, however, when the directions are close to OA and OC, it

should be maximum.

main consideration, the indeterminate nature of the mechanism of the ejection
of corpuscles from flocculi has nothing to do with the fact that flocculi are

one of the main sources of corpuscular emission and this has been shown by

observations.
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L, CHROMOSPHERIC FLARES

The name chromospheric flare is usually given to the very rapid (sometimes

almost sudden) increase in the brightness of individual sectors of the sun's
surface, which is observed most frequently in che lines of the Balmer series
anc in the H and K lines of ionized calcium but which also appears frequently

in some other lines of the solar spectrum. Chromospheric flares are only

rarely observed in total light and not in lines, and then for only a short

time. Usually a chromospheric flare appears as a sharp intensification of

light in some part of an existing bright flare. Chromospheric flares are also

closely related to sunspots.
Figure 9 shows photographs

of one of the flares taken at

the Crimean Astrophysical Ob~
servatory [11__7 in the light

of line Hg. Figure 10 shows a

photograph of a large chromo-

spheric flare taken by d'Azam-

buja at Meudon on 25 July 1946.
The appearance of a quite
intense chromospheric flare on

the sun is accompanied by poor

shortwave radio communication Figure 10.
Large chromospheric flare of 25 July 19L6.

on earth. This is due to the

g™

sudden increases in solar ultraviolet (and x-ray) radiation in the region of

Figure 9. the flare, This "ultraviolet," purely radiational effect is accompanied by
Chromospheric flare of 26 June 1952.
a so-called "hook" on the magnetograms. If the chromospheric flare is intense

enough (class 3 or 3+ in a three point system, where 1 is +he weakest flare)amnd

ismtmore than l.‘soﬁom the center of the solar disk, strong magnetic disturbances
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of a corpuscular nature and, what is more, disturbances with a sudden begin-
ning are observed on an average 20 hours after the flare [12_7. Thus, there
is no doubt here that atoms (evidently chiefly hydrogen atoms) are ejected
from the region occupied by the flare during the flare up and that these atoms
leave the sun with a mean velocity of about 2000 km/sec. On invading the
earth's atmosphere, these atoms create disturbances in it. A chromospheric
flare is not only the source of atoms moving at a velocity of several thousand
kilometers per second, but of corpuscles with considerably higher velocitiess
in particular, in a number of cases, flares are the source of cosmic rays.
Data on solar radio emission for such times attest to the high rate of move-
ment of atoms from flares. V. V. Vitkevich's article gives more details in
this respect.

Let us note that corpuscular streams from flares, unlike those from floc-
culi, are not radial. This is deduced from the fact that geomagnetic dis-
turbances are observed even when a flare is 4g° from the center of the solar
disk.

Iet us recall that chromospheric flares produce storms with a sudden be=
ginning. The mechanism of the ejection of atoms from chromospheric flares
has not yet been clarified. First, it would be very interesting to discuss
the possibility that the main force might be the light pressure on the hydro-
gen atoms in the lines of the Iyman series of the flare spectrum. The width
and intensity of the Iy line must be especially large, as follows from a work
by the author and A. B. Severnyi [lBJ. who found that quantitatively for
large flares the light pressure is sufficient for the ejection of hydrogem
atoms. However, a more detailed examination of the question /1L 7 reveals
a number of difficulties in the light pressure hypothesis andthe question can-

not yet be regarded as settled.
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5. THE RADIALITY OF SOIAR CORPUSCULAR STREAMS
As was pointed out in section 1 of this article, geophyaical laws which re~
flect the different properties of the streams are one of the basic means of
explaining the nature of the solar corpusoular streams. A very imporvant law
of this type is the radiality of corpuscular streams, which appears in a con-
siderable number of geomagnetic disturbances but, of course, not in all dis=~
turbances, as we saw in the example of chromospheric flares. However, before
discussing the question of the radiality of streams, we must state that this is
radiaiity in a very specific sense, viz. in order to maintain radiality, the
corpuscles from each point of the active region must move al ong a radius run=
ning from the center of the sun to that point (see figure 11). In figure 11,
O is the center of the sun, E the direction to the earth. Only in figure 1lla
do we have aradial efflux of matter in beams I and I' from the corresponding
active regions a and b. In figure 11b, beam II comes to an end along a radius
from the center of the sun; however, the efflux of matter from active region ¢
cannot be considered radial. Only streams falling within the dashed lines
would be radial. Beam III from region d is even less radial than beam II.

These basic definiticns of radiality will be kept in mind at all times.

Figure 11.
An explanatory drawing of the idea of radiality of streams,

¥ N : : N

H) This sictlon wa; not included in the text of my report at the conference.
owever, because of the questions which arose on this subject during t!

discussions at the conference, the editor of this compendigm, on ihegreg\eie!sn%w
of the author, has included it here.
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The question of the radiality of corpuscular streams was first examined
in detail by M. N. Gnevyshev and A. I. O1' (/675 see also L_lj.' pp. 225-
230). Ve will state the main arguments (in our opinion) used by these authors,
labeling them A, B and C.

A. The coefficient of correlation between the mean semiannual values of
sunspot area in the central zone, with a radius of 6°, and the mean semiannual
values of the amplitude of the horizontal component of the magnetic field is
considerably larger (by several times) than this same coefficient for the ring
zone with an inner radius of €° and an outer radius of 300. Figure 8b shows
the relationship between this and the radiality of streams.

B. As has already been mentioned in section 3, the equinoctial maxima of
geomagnetic activity occur because at that time solar latitudes closest to the
zones of maximum solar activity are projected onto the earth. Since the mean
latitude of these zones varies during the cycle, as follows from figure 8b, the
equinoctial maxima are most sharply expressed in years (close to minimum acti-
vity) when solar activity is concentrated in the lowest latitudes. According
to M. N. Cnevyshev, this effect actually exists and can be determined quanti-
tativelye.

C. Since the mean latitude of active formations on the sun decreases
during the transition from maximum to minimum activity, when the streams are
radial one would expect that the number of disturbances caused by them would
be maximum somewhat after years of maximum solar activity, i.e. maximum geo-
activity should lag behind maximum solar activity. Such a lag actually occurs
and can be used to determine radiality.

Using all these arguments as their basis, Gnevyshev and 01' concluded that
the solid angle of solar corpuscular itreams is approximately B—9°, i.e. that

these streams are practically radial.

The value 8-9° is characteristic of the total solid angle. The departures
from radiality are L-Lk.5®,
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The following argument should be added to the three above.

D, If flocculi are a source of geoactive corpuscles, the tendency toward
a 27-day recurrence should increase from maximum toward minimum solar activity
when the flocculi are already in low latitudes. In other words, when corpus=-
cular streams are radial there must be a close connection between the mean
latitude of the flocculi and the percentage of disturbances in the 27-day se-
quence. According to N. P. Ben'kove [15__7, this is actually the case. In
view of the importance of this result,
we have constructed an illustrative
graph (figure 12). The solid line
(scale on the left) shows the percent-
age of disturbances with respect to

the total number of disturbances for

the given period. The dashed line

(scale om the right) shows the mean Figure 12. 27-day recurrence of geo=-
magnetic disturbances (solid line) as

latitude of the spots and, consequently a function of the mean latitude of
spots and faculae (dashed line).

of the flocculi. Figure 12 shows

how sharply expressed the radiality of corpuscular streams actually is. It

should be mentioned at this point that floccular regions, as opposed to spots,

are very stable and last for many rotations of the sun.

The above conclusions as to the radiality of solar corpuscular streams
were arrived at without the benefit of recent data on solar activity. More-
over, a very important circumstance was not considered, viz. that chromospheric
flares do not produce radial streams. Hence when disturbances caused by
chromospheric flares are separated from the other, the basic, group of geo-
magnetic disturbances, the radiality of the streams that produce these geo-
magnetic disturbances should become even more apparent. The new data not only

support the conclusion that a large part of the corpuscular streams is radial,
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but they confine these streams even more, bringing them nearer to complete
radiality. Let us examine these data.

The last two cycles of solar activity, taken arbitrarily from the maxima
of 1937 and 1947, emphasize such manifestations of stream radiality as the
increase in the recurrence of disturbances in the years preceding the mirimum,
and the almost complete disappearance of this recurrence immediately after
the minimum.

In figure 13 we show an ordinary 27-day "carpet" of magnetic disturbances
for the period May 1942 - January 1946. This graph, sent the author from the

Arctic Scientific Research Institue by A. P. Nikol'skii, includes both the

disturbances which appeared in the catalogue and the disturbances at Bukhta
+)

Tikhaya. A moderate storm is indicated by a circle, a large storm by a
hollow square and a very large storm by a shaded square. We see that during
1942-19hl, two major sequences were observed. The one on the right lasted
about a year., There were very few spots in these years. After the minimum,
there was practically no recurrence of geomagnetic disturbances. The last
solar activity minimum featured a sharp increase in the recurrence of geo~
magnetic activity. This activity was manifested particularly clearly in 1952
and 1953. It practically disappeared after the minimum and only now, before
the maximum, is a recurrence beginning to be manifested, which is in agreement
with figure 12. Thus, even without processing the new data quantitatively,

it is obvious that the data for the last two cycles should give even a clearer
picture of the close connection between the curves of figure 12. Allen [3_7
divided the recurring disturbances into three types, M, B and E, depending

on the position the disturbance occupies in the sequence, namely: an M-dis-
turbance is one which falls within the sequence, a B-disturbance is one

which begins a sequence, and an E-disturbance is one which ends a sequence.

T
In approximately B81°N and 52° /TIR. 7.

1V ige2
R

Figure 13.
Frequency of geomagneiic disturbances in 19L2-1946.
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Disturbances which do not occur in the sequence are called T-disturbances.

Table 1 gives the distribution of these disturbances for 1906-1942.

Table 1
Period M “B E T
1906-1922 .. ... 713 181 166 126
1923-1942 .. wee 977 2Eo 273 15k

As Harang [ 16_7, Allen L_BJ and others point out, ki-disturbances, like
weak polar aurorae, display seasonal variations, with maxima in spring and
fall. We give a diagram constructed on the basis nf Allen's data [3_7 as an
illustration (figure 1l4). This dia=- :‘
gram shows that the probability of
M-disturbances is approximately
twice as great in spring and fall as s
in winter and summer! On the other
hand, T-disturbances do not display

an
seasonal variations. These facts

can be interpreted only from the

s
point of view that streams which pro- & b é % E E &
- 3
Rl W23 EE
duce M-disturbances (the majority) a g ERS § »E8R%8¢ 8 g
Ses8§3253288288S

are radial and that streams which
Figure 1h. The seasonal variation of

produce T-disturbances are non- M-disturbances for the period 1906~
1942. The difference in the magnitude

radial. Moreover, as we shall sees of the equinoctial maxima is caused by
asymmetry in the distribution of active

M-disturbances regions in the southern and northern
hemispheres of the sun for this period.

grows from maximum toward minimum
solar activity. This is a direct confirmation of argument B.
Newton and Milsom's work /17 7, based on abundant data for seven cycles

of solar activity (September 1878 - May 1952), also classifies disturbances

and separates those caused by chromospheric flares.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/05/30 : CIA-RDP81-01043R004500220001-3

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/05/30 : CIA-RDP81-01043R004500220001-3

- 27 -

The authors divide storms into large (G) and small. The small storms
are subdivided into storms with a sudden beginning and with a gradual begin-
ning. The curve of distribution of G-storms in the cycle coincides with “the
mean ocurve of distribution of very large sunspots and very large chromospheric
flares. G-storms are not observed during slight solar activity and, in agree-
ment with the above, are caused by non-radial streams, i.e. streams from re-
gions of very large spot groups situated in high latitudes (deflections of
streams by the magnetic fields of spots, see section 3), and also by corpuscu=
lar streams from flares.

The distribution of small storms with sudden beginning in the cycle coin-
cides with the curve of distribution of relative numbers of spots in the cycle

(figure 15). These storms, possibly,

are caused either by weaker chromo=
spheric flares or by still another
factor (see below). The tendency

toward the 27-day recurrence is al-

most imperceptible in the case of

both G-storms and weak storms with Figure 1§, Distribution of the number
of storms with gradual and sudden be-

sudden beginning. In the few cases ginning in the solar cycle for seven
cycles from September 1878 through May

where G-storms recur, there are 1952. The mean number of sunspct§ (dot~

ted line), storms with gradual beginning
grounds for assuming /2_7 that this (420 storms, dashed line), and storms

with sudden beginning (235 storms, solid
is related, basically, to the re- line).,

peated appearance of a chromospheric
the entry of the earth into the stream of corpuscles which came from the cor-
responding active region during the previous rotation of the sun.

Small storms with graduel beginning are not related to spot groups and
have a clearly expressed tendency toward 27-day recurrence. In agreement with

section 3, these storms which constitute a large part of the disturbances
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(essentially, these are M-disturbances, see table 1) are cuaused by streams
from flocculi. The radiality of the given streams is manifested, according to
the work cited, in the fact that the maximum number of small storms with gra-
dual beginning is displaced 3=l years with respect to the sunspot maximum
(figure 15). This is in agreement with argument C in [6_7. However, in the
given case this appears in a still more distinct form, evidently because the
disturbances were differentiated in /717_7. This very considerable time lag,
viz. three-four years, implies the presence of very narrow streams, narrower
than those found in /6 7. Inasmuch as the main part of the disturbances in
years preceding a solar activity minimum are small storms with gradual begin-
ing (figure 15), as this period is approached the radiality of the streams be-
comes expressed especially clearly, which follows directly or indirectly and
from many other of the facts examined above.

A. Shapley's work [18_7, which is specially devoted to the 27-day re-
currence of geomagnetic disturbances and which confirms Ben'kova's work [15_7,
gives some very convincing results concerning the radiality of corpuscular
streams. Shapley computed the autocorrelative coefficients, which characterize
the tendency toward recurrence of disturbances, for the period 1890-19LL. He

found that the variation of coefficients *79 characterizing the 27-day recur=

+,
rence of disturbances, fluctuates periodically in the solar activity cycle

(and in the parallel magnetic activity cycle), but has a phase displacement of
approximately 180°. Specifically, the 27-day sequence is very intense during
years aiter the solar activity maxi-
mum and falls off abruptly immediately after the minimum. Figure 16 shows
Shapley's graph, where the solid line represents the variation of the Toy
value and the broken iine represents the variation of solar activity with res-

pect to the number of spots. From figure 16 we see that the Ta7 value in-

*7
In this work it was found that there is no sequence of distu:
than the 27-day multiple. N rbances other
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creases after the solar activity maxi~
mum and decreases abruptly after the
minimun, Essentially, figure 16 repeats

figure 12, except that figure 16 shows

a weak minimum Taq value in a year of

maximum solar activity. If this small Figure 16. Variation of the coeffi~
cient rpp, characterizing 27-day

minimum is real, it can easily be ex- recurrence of geomagnetic disturb-
ances, in the solar activity cycle.

plained by the fact that in years of The years are marked along the hori-
zontal axis, reading from the maxi~-

maximum solar activity the ratio. be- mum,

tween the number of T-disturbances and the number of M-disturbances has a

sharply expressed maximum (figure 15). Furthermore, we saw that in most cases

T-disturbances do not display any recurrence of either seasonality or radial-

ity.

The presence of & certain minimpm number of M-disturbances in years of maxi=-
mum activity (figure 15) can easily be explained by the influence of magnetic
fields on sunspots. These magnetic fields may not only deflect corpuscles
‘but may also prevent them from leaving the adjacent floccular fields. This

is inoperative only when the velocily veciors of the corpuscles and the
directions of the lines of magnetic force coincide. Since the configuration
of magnetic fields within spots varies during their successive appearances,
a disruption of the recurrence of disturbances may occur and obviously this
effect must be greatest in a year of maximum solar activity when the role of

magnetic fields is maximum, This effect should no longer play an essential

role as the minimum is approached, which follows from figure 15 (where the

number of M-distur again incr after a certain minimum in years of
maximum solar activity) and from figure 17, which is taken from /18 7.
In figure 17, A represents the fluctuation of the To7 value for the exa-

mined period 1890-19LL, B represents the change in the rela tive number of sun-
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spots, C the change in u, which is the measure

1900
90

120
1930
140

of magnetic activity and D is the change in the

:

per centum number of sunspots with low latitudes

(less than ¥ 10°),

¢ A comparison of curves A and D in figure

%
i

D 17 is very interesting in the above sense. As

=
§a

Shapely mentions, the trend of both relation-
Figure 17. Relationship be-
tween the coefficient To ships is highly analogous. This similarity
and other characteristicg of
solar and geomagnetic activ- lays particular stress on the great role played

ity.

by the radiality of streams, which is clearly
manifest in years of minimum solar activity when active regions (flocculi,
from the author's point of view) descend to low latitudes.

Unfortunately, Shapely does not single out the disturbances with suddesn

beginningy he does not regard them as pertaining to radial streams. If these
disturbances had been singled out, the regularities just discussed would have

been still more distinct. Undoubtedly, consideration of this factor would

have had an effect on the minimum of To7 values in figure 16!

A recent work by Chernosky L—lyj has also confirmed the regularities
mentioned above. He, too, found that the tendency toward recurrence of geo~
magnetic disturbances is less in years of maximum than in years of minimum.
lioreover, he arrived at another interesting result. From what has been stated,
it follows that the center of activity on the sun moves from minimum through
maximum toward minimum within the cycle, toward ever lower latitudes. Mope-
over, it is known that the angular velocity of rotation of the sun's surface
is a function of latitude, decreasing with increasing latitude. Hence, we

can expect that the interval between successive recurrences of disturbances
must decrease going from minimum through maximum toward minimum. This is con=

firmed by Chernosky in /19 7. The period of recurrence appears to vary be-
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tween 28 1/2 days and 26 3/L days.

Let us summarize what has been said in this section.

1. In most cases, solar corpuscular streams are radial. The following
facts attest to thiss

a) The seasonal variation of geomagnetic disturbances has two equinoctial
maxima. Here the radiality of streams is confirmed by the presence of both
maxima and also by the fact that these maxima are most clearly expressed in
years of minimum solar activity. This fact is confirmed by the result s stated
at the beginning of this section (argument B) and also by the fact that the
equinoctial maxima are clearly expressed only in M-disturbances L‘B, 16_7.
Further, the role of these disturbances increases toward the solar activity
minimum and generally their maximum lags three-four years behind the maximum
solar activity /17 /s

b) the increased geocactivity of the low heliographic latitudes. Here we
have in mind, first of all, the lag of the M-disturbances (the majority) be=~
hind the solar activity maximum (see the beginning of this section, argument
C and also the results arrived at in [17_7). Second, there is the increased
geoactivity of the low la titudes, which is confirmed by the results stated at
the beginning of this section in argument Aj

c) the increase in the recurrence of geomagnetic disturbances from maxi-
mum toward minimum activity. This is also closely connected with the preced-
ing. Figure 12 and also A and B in figure 17 attest to the indicated increase
in recurrence of disturbances. A comparison of curves A and D in figure 17
shows that these same low latitudes are the determining factor (which is con&
firmed, in particular, by the radiality of the streams);

d) there is a correspondence between the flocculi which cross the center
of the solar disk and geomagnetic disturbances (see /” L_7).

It is obvious that all four points considered above involve only the
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radiality of streams and cannot be explained by other effects connected, for
example, with the fact that the inclination of the sun's polar axis varies
with respect to the direction earth-sun. By polar axis here, we mean the
solar axis taken in the sense of the magnetic dipole axis.

Further, it should be noted that a part of the streams from the sun is
non-radial. The non-radial streams are those from large spot groups and
chromospheric f].ares.” lioreover , a number of storms are caused by non-radial
streams, namely streams with sudden beginning. Evidently, these are basically
T-storms (table 1). It should again be emphasized that weak storms with sudden
beginning differ sharply from weak storms with gradual. beginning as follows:

a) there is a difference in the very nature of the storms [1.7_7 and
particularly in the nature of their beginnings

b) there is a conspicuous tendency toward a 27-day recurrence of storms
with gradual beginning and an almost complete absence of this tendency with
storms of sudden beginning. These differences appear particularly clearly in
the work of Thellier and Thellier /20 7. Figure 18 is a graph taken from

their work. We see a sharply expressed re-

currence for disturbances with gradual be-

i
le ginning (top curve, where the intervals be-
NaVAN

tween the maxima are 27 days) and the com=

plete absence of this recurrence for dis=-
turbances with sudden beginning (bottom
N

curve). The top curve was constructed for

™ 328 storms, the bobtom for 210 storms. The
Figure 18. 27-day recurrence of central maxima on both curves correspond
disturbances with gradual begin-
ning (top) and the absence of to the disturbances which were taken as the
such a recurrence in disturbances
with sudden beginning (bottom). source material for computation of the

*) Besides floccular streams ceflected by the magnetic fields of spots.
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average data on geomagnetic activity before and after these disturbancesj;

c) both kinds of storms have different distribution (according to number)
in the solar activity cycle (figure 15). Weak storms with sudden beginning
are closely connected with spots; storms with gradual leginning are not con-
nected with spots (floceuli).

d) the most intensive of the weak storms are those with sudden begirning.

2. The role of the radiality of corpuscular streams increases consider=

ably from maximum toward minimum solar activity. The following facts attest

to this: 1) the increase in the seasonal variations of magnetic activity to-
vard the minimum, 2) for a large number of disturbances, the lag of maximum
geviing IIETIE"STtTVity behind maximum solar “#¢tiv¥ity, 3) the increased recurrence
of geomagnetic disturbances during this neriod (figures 12 and A and D in
figure 17) et al.

The increase in the role of radiality of the streams from maximum toward
minimum activity is caused by: a) the decrease in the number of flares and
large spot groups; b) the increase in the ratio of the number of M-disturb-
ances to T-disturbances; c¢) the decreased role of the magnetic fields of spots
(as a deflecting factor) in connection with the decrease in the area of the
spot groups and the number of spots; d) the decrease in the mean latitude of
the active formations in connection with the radiality of the streams. To
avoid misunderstanding, let us note that the recurrence of disturbances in it-
self does not indicate radiality of streams.

In 1932, Bartels L_ZIJ disputed the existence of corpuscular stream
radiality. However, at present his critical remarks have lost 211 value. In
revealing the effect of radiality, he used sunspot data for the hemispheres
(southern and northern). Further, since the corpuscular beam is so radial,
Bartels' method is too crude. lioreover, Bartels did not differentiate between

the large chromospheric flares and T-disturbances and thus did not find such a
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distinct lag of magnetic disturbances behind solar activity as was found in

[177. At present there is no doubt that most corpuscular streams are radial.
6. SOIAR PROMINENCES

Gaseous formations of different form situated above the chromosphere in
the solar corona are called prominences. On an average, prominences are 100

times denser than the corona surrounding them, but their kinetic temperature B

is approximately 100 times less than that of the corona and is close to that of

the chromosphere. Prominences are very complex formations, forming a number of Firure 19

clasees. First let us note that 'prorrinences of the sunspot class, associated Eruptive prominence.

with sunspots, cannot be a source of corpuscles. They are formed in the
coronal area and the luminous matter is directed from there down toward the sums

Eruptive prominences are particularly interesting. Figure 19 shows a
photograph of such a prominence, taken by A. B. Severnyi at the Crimean Astro-
physical Observatory of the Academy of Sciences of the U.S.S.R. Eruptive
prominences are sometimes expelled from the sun at such velocities that they
are completely ejected from it. However, such instances are fairly rare, being
observed not more than once a year (on the average, per cycle /9 7).

The quiescent promincnces are the most stable type. In projection onto
the disk, quiescent prowinences appear as dark bands in the light of some
spectral lines. They can be seen clearly in figure 5a. When projected onto
the disk, prominences are usually called filaments.

As their name indicates, guiescent prominences in themselves are quite
stationary. WNevertheless, Kiepenheuer [22_7 thinks that there is a definite

connection between filaments and li-disturbances. Kievenheuer's conclusion is

based on very meager statistical data, however, and cannot be considered
+

seriously.

Figure 20.
Solar corona during the eclipse of 25 February 1952.

+)
Recently direct proof has been given of the untenability of Kiepenheuer's
conclusion /35, 36_7.
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It should be noted that the mean la titude of quiescent prominences (and,

consequently, of filaments) is approximately 10° greater than that of flocculi

and spots, for the same time. Ilioreover, the latitudinal zone in which promi-
nences are located is very large. Therefore, in the case of quiescent promi-
nences we would not be able to notice the manifestations of stream radiality
which are actually observed in geomagnetic disturbances, especially in years
before the solar activity minimum. Finally, the mechanism of the emission of
matter from prominences is quite unclear from the physical point of view. Re-
cently, Kiepenheuer connected the relationship he found between geomagnetic

disturbances and prominences with the hypothesis that corpuscular streams are
nothing more than coronal rays. Ve will examine this hypothesis in the follow=-

ing section.
7. THE SOILAR CORONA

Recently, the idea has been widely circulated that the solar corona it-
self is a possible source of geoactivé corpuscles. In particular, it is as=~
sumed that extended coronal rays, at the base of which quiescent prominences
are usually located, are the corpuscular streams which produce various effects
in the upper layers of the earth's atmosphere (geomagnetic disturbances, etc.)
as they approach the earth. The mechanism of corpuscular emission is held to
be as follows: atoms at the base of the rays are accelerated (by forces which
are still unexplained) in the outer parts of the rays and, assuming velocities

of the order of 1000 km/sec, leave the sphere of solar influence

In the
Soviet Union, these concepts are being developed essentially in Xiev by S. K.
Vsekhsviatskii, G. M. Nikol'skii and E. A. Ponomarev. We are attending lec~
tures on this subject at the present conference. These ideas are also being
developed abroad by a number of authors /3, 23_7.

Figure 20 shows a photograph of the corona during the eclipse of 25 Feb-

ruary 1952. Three rays are visible on this photograph.
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As has been mentioned, the ideas which form the basis for these concepts
will be treated in special papers; thus, we will leave the detailed examination
of this question to the pertinent works and make only brief critical remarks
at this point. The author assumes that this hypothesis faces a number of
difficulties, the chief among which are the following.

In section S of this paper we saw that most of the corpuscular stireams

are radial and that the role of radial streams increases considerably from

maximum toward minimum solar activity. This is in complete contradiction with

what we know of the corona. According to the most extensive and complete study

of coronal forms, made by E. Ia. Bugoslavskaia /5_7, the angle i between the
axis of the coronal helmets (the lower parts of the rays) and the radial di-
rection increases (!) from maximum toward minimum solar activity. In other

words, departures from radiality :‘anrease‘t at this time while the radiality
of geoactive corpuscular streams increases. Figure 21, taken from Bugoslav=
skaia's work, shows the relationship between angle i and the phase of solar
activity. The triangles indicate the times of maximum solar activity, the
circles the minimum. We see, in particular, that angle i is very great, about

20-30°, near solar activity minima (when the geoactive corpuscular streams are

s

o
R T 7 R R ] 3¢ Years

Figure 21, Slopes of helmets and fans in the corona in relation to solar
activity.
almost completely radial). This angle is close to0 zero near solar activity

maxima. However, at these times the main, rather extended, coronal rays are

the genera

=)

This is connected with
during the solar cycle.
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situated basically at high latitudes, so that the directions of the coronal
rays pass at great angular distances from the earth. At slight heliographic
latitudes, all coronal formations are smaller. To make this clearer, we
show Wesley's [ 2i_7 diagrams (figure 22) made from photographs of the solar
corona during the eclipses of 1900, 1901 and 1905. The eclipse of 1900
(figure 22, 1) was observed the year before a solar activity minimum; the

eclipse of 1901 (figure 22, 2) occurred during a solar activity minimums the

eclipse of 1905 (figure 22, 3) approximately coincided with a solar activity
maximum. Figure 22 shows clearly tihat the manifestation of coronal-ray radi=
ality is opposite in phase to that of corpuscular streams! In general, there -
was absolutely no radiality (established on the basis of geophysical data for
years of minimum) of corpuscular streams in the corona during these years.
Thus, the above facts provide a convincing argument that we cannot identify

corpuscular streams with coronal rays. However, since the problem is contro-

versial, we will make a number of additional remarks.

First, angle i, shown in figure 21, is a mean value., Further, as Bugo-
slavskaia ([5_7, p. 168) points out, various helmets in a singie corona can
have slopes that differ from each other considerably, as is clear from her
table 26. For example, the i angles of different rays of the corona during
the 1887 eclipse were: -15°3 0°; +5%5 0°5 +30°; 425°. For the eclipse of 1941,
the i angles were: 0% +25%5 +10%; +15°5 0% 0°; +28%; +12°. For the eclipse ' :

4 o o
of 1945, the angles were: +35%; +3% +40°; +40°; +25°. Further, the regular-

ities examined in section 5 attest to the almost complete radiality of corpus=-
cular streams, particularly in years of minimum. Departures from radiality, I

on an average, should not exceed 2-3°, hence it is clear that the coronal rays,

Figure 22.
Diagrams from photographs taken during
the eclipses of 1000, 1901 and 190S.

with slopes that differ by tens of degrees, could not yield any of the regu-
larities mentioned in section 5, to say nothing of the fact that these regu-

larities are in irreconcilable conflict with the data of figures 21 and 22!
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This case, which, to a considerable extent, shows the randomness of distribu-
tion of the rays by directions again emphsizes the non-radiality of coronal
rays. The form of the coronal rgs alsc indicates their non-radiality. In
section § we mentioned that corpuscular stream radiality(determined from an
immense amount of geomagnetic and solar data) should be taken in the sense of
figure 1la. Coronal rays have forms II and III of figure 1lb.

Before going on to the next remark, let us note the following. In section
S we presented a number of facts and concepts which, taken together, harmoni-
ously attest to the existence of radiality in a large number of corpuscular
streams, but some of these facts, taken separately, could be used to Justify
the coronal hypothesis of corpusculur streams. However, obviously such a
method is in no way justified. Furthermore, it can be predicted that such an
approach will get the hypothesis itself into difficulties. vie will cite an
example, showing beforehand that it is of general value.

We used the following facts, among others, to evince the radiality of
streams: a) the shift of the curve of the number of l-disturbances with res-
pect to the curve of the relative number of spots; b) the increase in recur=-
rence of li-disturbances toward a solar activity minimum.

It could be assumed that these facts are connected with the fact that
during the transition from maximum to minimum solar activity the coronal rays
are more frequently directed toward the equator and consequently increase the
probability that the earth will enter the corpuscular streams, viz. coronal
rays (figure 22),: However, such an assumption leads to a very serious diffi-
culty. From what has been said in section S, it follows that the recurrence
of magnetic disturbances should decrease sharply immediately after a year of
minimum solar activity. This is illustrated, e.g. in figures 12 and 16. This
decrease is even of a discontinuous nature (a jump). From figure 13, vhere

194k is the year of minimum,one may also draw conclusions as to how rapidly
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the 27-day recurrence of geomagnetic disturbances is disrupted. The recur-
rence of disturbances had almost completely stopped by the middle of 19LL.
Further, the number of disturbances decreased sharply (which is also a kind
of regularity). Consequently, even without resorting to the radiality of
streams, we can confirm that sharp variations occur in the geometry and number
of corpuscular streams immediately after a solar activity minimum, during a
very short period of time when high-latitude spots replace low-latitude spots.
However, we did not observe anything similar to this in the corona! The
changes in the shape of the corona immediately after a solar activity minimum
take place smoothly. Thus, during the eclipse of 21 August 191k, when spots
were observed up to a latitude of 300, the corona had a typical form in mini-
mum /75 7. During the eclipse of 2l January 1925, the coronal rays were of
the minimum type [__5_7. This eclipse was observed approximately two years
after the solar activity minimum. The shape of the solar corona of 9 July
1945 was also close to the minimum type and was elongated along the equator
/[5_7. Further, from figure 13 we see that the situation in mid-1945 differed
from that observed from the beginning of 1943 to April 19hk.

In general, immediately after the minimum (in the years the indicated
eclipses were observed) the shape of the corona was practically the same as
that shown in figures 22,1 and 22,2. In other words, sharp changes in the
geometry and intensity of the corpuscular rays in the examined period are in
no way connected with the relatively slow changes characteristic of the corona
for this period. This is still another serious argument against the coronal
hypothesis of corpuscular streams, perhaps even stronger than all the others
mentioned above. And a final remark. As a rule, there are quiescent promi-
nences (or, on the disk, filamnets) at the base of the coronal rays (at the

base of the helmets). Moreover, it is known that filaments, i.e. prominences,

"avoid" active regions with flocculi and spots. Thus, a connection between




Declassified in Part - Saniized Copy Approved for Release @ 50-Yr 2014/05/30 : CIA-RDP81-01043R004500220001-3

- 42 -

flocculi and corpuscular disturbances practically excludes the possibility of
a connection between coronal rays and geoactive streams.

In view of what has been stated above, the author considers the hypothesis
which identifies coronal rays with corpuscular-streams to be in sharp contra-
diction with the facts found on the basis of geophysical data and, therefore,

to be incorrect.
8. DISCUSSION OF OTHER POSSIBLE SOURCES OF CORPUSCIES

In this section we will exawmine other possible sources of corpuscular

emission from the sun.

1. The thermal dissipation of atoms from the sun. The solar corona has

a very high kinetic temperature, and a number of atoms and electrons, with
rather high velocities corresponding to éxtrene haxwellian distribution, can
leave the sun irretrievably. This mechanism of the "ejection" of atoms from

the sun should act continuously and in all directions. However, the very fact

that the earth's magnetic field is quiescent between disturbances indicates
that this mechanism is not effective /10 7.

2. Streams of neutrons from the sun. V. A. Petukhov /725 7 has studied

the possibility that the corpuscles ejected from the sun are neutrons which
subsequently break up into protons, electrons and neutrons. However, for the

present the development of this theory has heen too general in form. From the

physical point of view in particu]).ar, it is unclear why the sun should enit
+

such a large number of neutrons. Moreover, the radiality of corpuscular

e m the viewpoint of the neutron hypo-

Corpuscular streams that create T-disturbances. We saw that some of

question is also discuesed in _/__QSJ.
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the weak magnetic storms (the smaller part) are characterized by a sudden be-
ginning and no recurrence. The curve of variation [of the number of T-storms
within the eleven-year cycle practically coincides with the curve of variation
of the relative number of suhspots [17__7. However, for the present it is
still difficult to say with what the streams (undoubtedly, non-radial) which
cause the investigated T-disturbances could be connected. In particular, be-
cause of the closeness of these curves, it is difficult to assume that the
T-disturbances are caused by coronal rays. The number of sunspots after a
minimum increases rapidly and the number of T-disturbances increases with equal
fapidity. According to figure 15, two years after the solar activity minimum,
the number of weak geomagnetic storms with sudden beginning increases by more
than five times. Furthermore, as we saw in the preceding section, for one-
two years after the minimum no significant variations were observed in the
number of rays in the corona or in their direction.

The close connection between T-disturbances and spots suggests that these
disturbances could be associated with chromospheric flares of class 2-3, the
more so since the magnetic storms connected with strong chromospheric flares
also have a sudden beginning. Further, let us note that of the weak geomag=
netic storms, those with sudden bepinning are the strongest (relatively).
From this point of view, it should be assumed that weak chromospheric flares
(class 1) camnot generally create corpuscular streams. Newton's work L—2_7,
and in particular figure 2c of this work, shows that class 3 flares, possibly
even class 2 flares, can be a source of T-disturbances. Wewton finds that the
sSpot groups within which chromospheric flares frequently occur, should be the
most geoactive. Allen's work [3_7 also indicates that flares, at least class
3 flares, may cause geomagretic disturbances.

However, another possible interpretation of T-disturbances must be kept

in mind. In a work which will be presented at this conference, A. B. Severnyi
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examines the very interesting spectroscopic phenomena, characterized by the
appearance in some lines of the soular spedtrum of emission which is shifted
from the normal position of these lines. Basically, these phenomena are ob-
served in active regions of the sun. If this emission is most intense in sun=-
spot locations, it may explain the origin of T-disturbances as wells It
should also be noted that if in this case the origin of the enission is con=-
nected with phenomena of an '"explosive" nature, the initial velocities com=
municated to the matter during such explosions must be quite large, of the
order of 2000-2500 km/sec. Let us recall that the parabolic velocity on the
sun's surface is 617 km/sec.

All these possibilities of explaining weak disturoanceSs with sudden be-
ginning should be studied attentively. In any case, these disturbances differ
in many ways from the remaining li-disturbances and thus can hardly be connect-
ed with flocculi.

The following fact is very important for explaining T-disturbances. From
figure 15, it is obvious that the minimum number of T-disturbances occurring
during years of maximum solar activitiy is considerably less distinct than the
corresponding minimum for the number of li~disturbances. In other words, the
influence of magnetic fields on streams of corpuscles that create T-disturb-
ances is evidently far smaller (see section §) than the influence of these
fields on the streams that form i.-disturbances.

Study of all possible mechanisms of the ejection of atoms from the sun
must be continued. In particular, a more detailed study, based on observa=
tions, must be devoted to the mechanism of calcium atom emission from the sun
due to selective light pressure (section 3). We indicated that in flocculi,
the operation of this mechanism must be connected with the fact that the light
pressure on the Ca” atoms above the flocculi exceeds gravitation. However, E.

Milne /26 7 noted that Ca® atoms can be ejected from the sun because of light

- Lg -

pressure if, at the initial moment, these atoms have some very small velocity,
of the order of 10-20 km/sec. It is quite possible £—7J that from time to
time in a number of places on the sun's surface small clots of matter are
ejected at low velocities. The total amount of matter ejected in this manner
may prove inadequate to create the observed moving details, but it may lead

to the effective emission of calcium atoms.
9. THE VELOCITIES OF ATOMS IN STREAMS

The velocities of atoms in streams have not been discussed to any great
extent in literature, but this is a very important question for the physics of
corpuscular streams, in particular for the quantitative explanation of the
different effects which appear in the upper layers of the earth's atmosphere
(magnetic and ionospheric disturbances, etc.). Let us examine different
methods of determining the velocities of corpuscles and the corresponding
quantitative data.

One of the methods most frequently used involves determination of the lag
time of geomagnetic (andother) disturbances behind the corresponding solar
phenomena. Here, a clear line must be drawn between two cases. In the case
of chromospheric flares, we observe the solar phenomenon directly and, on an
average, the disturbances on earth can be detected 2L hours after the appear-
ance of the flare. Hence, in this case the earth meets the forward edge of
the stream (figure 23a) at the moment the disturbances begin. However, in the
case of the most frequently observed disturbances, i.e. the Y-disturbances,
which tend to recur, we should-assume that corpuscles are being ejected con-
tinuously, very frequently during many rotations of the sun, from some active
region (in the author's opinion, from a flocculus). On entering t he stream
every 27 days (due to the sun's rotation), the earth (i.e. the upper layers

of the earth's atmosphere) is exposed to a corresponding influence from the s
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Figure 23. Determination of the lag of geomagnetic disturbances.

Due to the rotation of the sun, the stream in space has the from devicted in
figure 23b, where aa' is tle active region. Stream abb'a' corresponds to one
velocity of corpuscular emission from the active region, acc'a' to another,

smaller velocity. To determine the racial ejection of solar corpuscles,

Chsmax:)[z'(_/ calculated the time interval At between the moment the active

region crosses the central solar meridian and the moment the earth enters
the stream. Table 2 was taken from this work.
Table 2
v (km/sec) w.eeuiinn..... 100 500 1000 1600 5000
8t (days) ............... 18,7 9.3 1.9 1.2 1.0
From the data of table 2 it is obvious that even in the case of rather
large velocities, viz. 500 km/sec, the time lag is great, more than 9 days.
In the light of these general remarks, let us examine the available data.
These data attest to the fact that the mean velocity of movement of atoms in
*J
It is assumed that the active region is small. If it is large, the for-

ward edge (according to the rotation of the s i
u s
sumed to cross the central meridian, ™) of the active regron s ass
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streams is dependent, evidently, either on the phase of solar activity or on
the size of the solar formations that constitute the streams. First, let us
return to figure 2. As we saw in section 2, the mean lag time according to
curve A is about 1.5 days and according to curve B about L days, but iet us
remember that curve A corresponds to the largest spots. The value 4t = 1‘515
corresponds to approximately 1200 km/sec, while &t = 1490 corresponds to about
800 km/sec. A small time lag (of the order of one day) is also obtained for
large chromospheric flares that create strong magnetic storms with sudden be-
ginning.

Further, as we know, corpuscular velocities can be judged from the shift-
ing of line Hj in the polar aurorae spectra. For a very large storm with
sudden beginning, the maximum velocities / 28_7 were about 3200 km/secs hence,
one might suspect a connection between this storm and a chromospheric flare
[5_7. The velocity obtained for a moderate storm was considerably less [59_]
on an average about 700 km/sec, which corresponds to about 5.5 days, according
to table 2.

One might try to draw some conclusions on corpuscular velocity through
the study of the duration of geomagnetic disturbances. We see from figure 13
that the disturbances which recurred in 1943-LL were of great duration. This
fact can scarcely be considered the result of some after-effect in the earth's
atmosphere after the earth had passed through the corpuscular beam. Actually,
as a rule, even after very strong storms, the earth's magnetic field quickly
returns to normal. Further, it is hard to imagine that the long life of the
disturbances in the period examined (near a solar activity minimum) was con-
nected with a2 large solid angle bf the corpuscular beams in planes parallel to
the sun's equator. We saw that in years of minimum (up to the minimum) the
streams were practically radial in the meridional planes. Hence, it is natural

to assume that the long duration of the examined disturbances was connected
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with different velocities of the atoms in these streams. In this case, the
corpuscular stream is like a wide "fan'" bounded, for example in figure 23b, by
directions ab and a'c', whereupon it‘'should be assumed that the entire expanse
between ab and a'c' is filled with atoms moving at different velocities. The
velocities decrease continuously from ab to a'c'. Let us assume that all this
is so, and let us assume for the time being that the velocity of the fastest
corpuscles in the stream, which determine the beginning of the disturbances,

is very great, i.e., that v = . Then, considering that these disturbances
last up to 10 days, and returning to table 2, we find that the velocity of the
slowest particles musi be about 500 km/secs which seems entirely plausible. If
we assume in agreement with what has been said above, that At is of the order
of §-6 days for weak disturbances, i.e. that the highest velocity in the stream
is of the order of 500 km/sec, we find that the lowest velocities in the stream
are 200-300 km/sec.

The passage of flocculi across the visible center of the solar disk also
causes great lag times in the beginning of disturbances (up to 10 days), i.e.
low velocities of the atous.

Thus, a number of facts shows that in many instances, particularly near a
solar activity minimum, t. corpuscular velocities can be very low, of the
order of several hundreds of kilometers per second. This conclusion does not
contradict the physics of the solar envelope in any way. The hypothesis that
the velocities of all corpuscular streams are about 1000 km/sec or more is not
well founded and, further, it contradicts a number of facts. Values of 1000~
1500 km/sec were first derived from graphs similar to that in figure 2A. How-
ever, in view of the new data, the spectrum of corpuscular stream velocities
should be extended.

10. CONCENTRATIONS OF ATOMS IN STREAMS

The question of concentrations of atoms in corpuscular streams is very

- L9 ~

complex. First, it should be noted that concentrations of atoms (i.e. the
number of atoms per cm3) can differ in different cases. Undoubtedly, atom con-
centrations in streams coming from large chromospheric flares are several
orders of magnitude larger than in streams that produce weak M-storms. kore-
over, it must be remembered that the structure of the streams themselves is
extremely heterogeneous. They are formed by individual streams and condensa-
tions and are separated by considerably less dense intervals. This can be
Jjudged, if in no other way, by the fact that geomagnetic disturbances, as a
rule, consist of separate abrupt and rapid fluctuations of the field. Atten=
tion was drawn to the importance of this finding by A. P. Nikol'skii, who has
studied problers connected with this (see, e.g.» /71_7s pp. 237-238). Quite
obviously this "floccular" structure of the corpuscular streams is caused by
highly irregular structure of the active regions of the sun, from which the
corpuscles are emitted. Thus, flocculi and chromospheric flares are an aggre-
gate of separate light small spots, filaments, etc. This case will be dealt
with in A. B. Severnyi's paper. Further, it is quite obvious that geomagnetic
disturbances, consisting of individual abrupt fluctuations, are determined by
the coneentration of corpuscles in jets and condensations.

The existing evaluations of the concentration of atoms in streams are
discussed in one of my works zfio_;ﬂ We shall enumerate the existing data
briefly, mentioning the concentrations at the distance sun-earth. We shall
not discuss the corpuscular concentrations near the sun. Furthermore, the
corpuscles will be studied up to their en
which has a focusing effect on the corpuscles, so that the concentration of
corpuscles in the upper layers of the earth's atmosphere may be consideral:
higher than before their entrance into the sphere of influence of the earth's
magnetic field.

We have the following methods for estimating the concentrations of solar
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corpuscless

1, Calculation of the concentration of corpuscles from the intensity of
geomagnetic disturbances. Such estimations assume the presence of some devel-
oped mechanism which explains the magnetic disturbance phenomenon. At present
we have the well developed and physically probable theory of the initial phase
of geon-,netic disturbances (for the principles involved, see / 30_7, p. 430).
This theory yields the following results in our case. Chapman [31] finds
that the concentration of protons in a stream up to its entrance into the

earth's magnetic field (for velocities of the order of 1000 km/sec), corres-

ponding to moderate and lorgs geo: Uiy Cisturbances, falls within the inter=-

val 1 to 100 em™>. Ferraro /327 finds that at this velocity the concentra-

tion of protons is between 25 cm'3 for large storms and 1 cm’3 for smaller
storms.
2. Determination of the concentration of corpuscles by the intensity of

the displaced H; line in the polar aurorae spectrum. This theory, developed

by I. S. Shklovskii /33 7, gives the number of protons in the interval sun-
3

earth as 0.7 cm . Chamberlain's calculations /3L_7, made in a somewhat

3

different manner, give a concentration of 0.2 protons/cm ~ for moderate polar
aurorae.

Of course, these calculations involve a number of uncertainties, but they
can hardly contain any serious error. They all indicate that for moderate geo-
magnetic disturbances (and polar aurorae) the number of protons in the stream
at the earth is of the order of 1 cm"3, and for strong disturbances from 25-100
™3,

A number of authors dispute the accuracy of these figures because certain
phenomena which occur in comets and in the polarization of zodiecal light re-

quire considerably higher concentrations (two-four orders of magnitude higher)

However, I feel that these situations are still too indefinite to take such
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objections seriously. In particular, there is no basis for assuming that the
polarization of zodiacal light is caused by electrons alone.* The polariaa=
tion of sunlight, diffused by dust particles in interplanetary space, can play
a large role. Furthermore, it is not at all clear why these electrons (if

the conclusions drawn from the polarization phenomenon are true) must be ex=
pelled from the sun, together with an equal number of protons, at "geophysical
velocities of the order of 1000 km/sec. Rather, it should be assumed that we
are dealing here with a "quasi-stationary" medium, which, of course, has velo-
cities characteristic of an interplanetary and interstellar medium, i.e. velo=-
cities of the order of several kilometers per second or, in the extreme case,
of several tens of kilometers per second. Decidedly, there are no bases here
for concluding that these electrons and protons are expelled from the sun at
velocities of the order of 1000 km/sec! The situwation with regard to comets

is also uncertain.

Undoubtedly, the question of the concentration of corpuscles in streams
will be touched upon in a number of papers. Therefore we will not dwell on
it in more detail here.

QUESTIONS AND ANSWERS

The authors were given the opportunity of revising the text
of their answers for print; however, the editors felt it was
better not to change the answers to the questions, though they
were not always exhamstive.

if. N. Gnevyshev: What svidence is there that streams from eruptions

(chromospheric flares) have a large solid angle?
E.

R. Mustel': There is evidence in the fact that disturbances of a

corpuscular nature are also observed when a large chromospheric flare is at a

7
Electrons are considered to be acomponent part of corpuscular streams.
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distance up to 45° from the center of the disk.

D. Ia. Martynov: Can we be certain that a prominence is a movement of
matter and not the effect of illumination?

Mustel': Yes, usually we can tell this because lines in the spectra of
moving prominences are displaced correspondingly.

S. K. Vsekhsviatskii: In your paper it was noted that corpuscular emis=
sion from high-latitude flocculi is deflected by fields of sunspots. Why is
such deflection not recognized in low-latitude streams?

Mustel': This was discussed in the introductory lecture. As one might
think, this appears in the fact that during years of minimum there are far
fewer spots in floccular fields and the area of these spots is considerably
less than in years of maximum. Thus the role of magnetic fields as deflecting
factors is considerably less in years of minimum than in years of maximum. For
a year or two before a solar activity minimum, when M-disturbances are very
frequent, no spots are observed in flocculi sometimes for months.

Vsekhsviatskii: How do you visualize the passage of corpuscular streams
through the corona?

Mustel'_: In order to explain the situation here, let us return to chromo-
spheric flares. It is known that chromospheric flares, usually situated in
chromospheric layers or slightly above them (sometimes lower also) are a good
source of corpuscles. These corpuscles, clearly not of coronal origin, pass
through the corona at velocities of the order of several thousands of kilo-
meters per second, during which they travel in a very broad stream, with a
total span of as much as 90°, Thus, this fact indicates the possibility that
corpuscles pass through the corona. True, it could be assumed that these
corpuscles "draw after them" the entire corona inside a solid angle with a
span of 900. However, non-eclipse observations of the corona and data on

eclipses made over a number of years give decisive evidence against such de-
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formations in the corona.
Consequently, the structure of the solar corona is such that it allows
corpuscles to pass through it from below. I have examined this property of

the corona before (Akademiia Nauk SSSR, leningrad, Krymskaia astrofizicheskaia

observatoriia, Izvestiia, 3: 3, 1948) in connection with the question of the
possibility that calcium ions pass through the corona. In this work I indi-~
cated that the heterogenity of the corona is such that the corpuscles could
pass through the intervals between he individual ray systems and condensa-
tions. [Recently new facts, which I have presented in another work (Astrono-

micheskii Zhurnal, 32: 177, 1955), have appeared on the presence of consider-

able heterogeneities in the corona. In these works there is a discussion of
the question of the effect of matter on foreign atoms passing through the
corona.

Vsekhsviatskii: Where was the information obtained that 27-day recur-
rence appears only (as the authér indicated) in epochs before the minimum?

Mustel': I maintained only that this recurrence is maximum in years of
minimum. The data on this is given in the introductory report.

G #l. Nikol'skii: The radiality and narrowness of streams was obtained
from observations of spots, but the spots themselves are not geoactive. How
was the role of the spots distinguished?

Mustel': First, the radiality of streams follows not only from observa-
tions of spots. Second, it is known that the laws of latitudinal distribution
of spots and faculae on the disk (except for polar faculae) are practically
identical. Consequently, we can assume that the regularities found, reflect-
ing radiality, also pertain to faculae (flocculi). A quite different law will
apply to prominences.

E. A, Ponomarev: The general magnetic field alsc exists in the equato-

rial regions. How do corpuscular streams pass through it?
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lustel': Naturally here it is u matter of determining those forces whicl 13. Mustel', E. R. and A. B. Severnyi. Akademiia Nauk SSSE, leningrad, Kiym-
skaia astrofizicheskaia observatoriia, Izvestiia, B:19, 1952,
lead to the ejection of corpuscles. However these estimates yield very little,
1k. Iustel!', E. R. Akadeniia Nauk SSSR, leningrad, Krymskaia astrofizicheskaia
because we do not know the intensity of the gereral magnetic field at the observatoriia, Tzvestiia, 15:95, 1955.
equator. We know only that it is considerably less than at the poles, where 15. Ben'kova, N. P, Gidrometeorologicheskaia sluzhba, Nauchno-issledovatel'-
skie uchrezhdeniia, Trudy, series 6, issue 2; also Terrestrial WMagnetism
it is of the order of one or several oersteds. and Atmospheric Electricity, L7:147, 19L2.
L. I. Dorman: What information on the electromagnetic fields in streams 16. Harang, L. The aurorae, New York, John Wiley and Sons, 1951. 166 pp.
p. 15,

do observations give?

17. Newton, H. and A. liilsom. Journal of Geophysical Research, 59:203, 21k,
fustel': At present our information on streams is very indefinite, 195k,

Therefore it is very difficult to give an answer to this question. 18. Shapley, A. American Geophysical Union, Transactions, 28:715, 1947.

19. Chernosky, E. American Geophysical Union, Transactions, 323861, 1951.

LITERATURE CITED 20. Thellier, M. E. and kme. O. Thellier, Academie des Sciences, Paris, Comptes
Rendus, 227 :10LL, 19L8.
1. ECigenson, M. S., M. N. Gnevyshev, i, I. Ol', B. M. Rubashev. Solnechnaia 21. Bartels, J. Terrestrial Magnetism and Atmospheric Electricity, 37:1, 1932,
aktivnost' i ee zemnye proiavleniia (Solar activity and its terrestrial
manifestations), Moscow, Gostekhizdat, 19u8. 22. Kiepenheuer, K. Astrophysical Journal, 10%:408, 19L7.

2. Newton, H. Royal Astronomical Society, Monthly Notices, Geophysical Sup- 23. Pecker, J. and . Roberts, Journal of Geophysical Research, 60333, 1955.
plement, 5: 321, 1948.

2l. Wesley, W. Royal Society of London, Philosophical Transactions, Series A,

3. Allen, C. Royal Astronomical Society, Monthly Notices, 10L: 13, 19Ll, 2261363, 1927.

L. liustel', E. R. Akademiia WNauk SSSR, Doklady, L2: 117, 19Lk. 25. Petukhov, V. A. ILecture in the collection Trudy tret'ego soveshchaniia po
voprosam kosmogonii (Transactionsof the third conference on cosmogonyi.

S. Bugoslavskaia, E. Ia. Gosudarstvennyi astronomicheskii institut im. | Woscow, lzdatel'stvo Akacdemii Nauk SSSR, 195Lh. p. 210.

Shternberga, Trudy, vol. 19, 1900,
26, Milne, E. PRoyal Astronomical Society, Mionthly Notices, 86:L59, 1926.

6. Gnevyshev, k. N. and A. I. Ol'. Astronomicheskii Zhurnal, 22:151, 1945y

also Terrestrial Magnctism and Afmosheric Electricity, 51:163, 19L6. ) 27. Chapman, S. Royal Astronomical Society, lionthly Notices, 89:L56, 1929.
7. lustel', E. R. Akademiia Nauk SSSR, leningrad, Krymskaia astrofizicheskaia ) 28. Meinel, A. Astrovhysical Journal, 113:50, 1951.

observatoriia, Izvéstiia, 3:3, 1948, :

] 29. Gartlein, G. Physical Review, 81:L63, 1951.
8. imstel', E. R. Akademiia Nauk SSSR, Doklady, 81:363, 1951. —_

30. Mitra, S. K. Verkhniaia atmosfera (The upper atmosphere). Moscow, Iz~

9. lwustel', E. R. Akademiia Nauk SSSR, Leningrad, Krymskaia astrofizicheskalc datel'stvo inostrannol literatury, 1955.
observatoriia, Tzvestiia, 10:1L3, 19533 also Sociste foyale des Scierces
de Tiege, ilemoires, Serie L, 13(3): 223, 19537 31. Chapman, S. Annuales de Geophysique, 8(2), 1952.

10. lustel', E. R. Astronomicheskii Zhurnal, 32:177, 1955. 32. Ferraro, V. Journal of Geophysical Research, 57:15, 1952.

11. Sevem‘yi:‘ A. B. apdAB. F. Shaposhnikova. Akademiia Nauk SSSR; Leningrad, 33. Shklovskii, I. S. Akademiia Nauk SSSR, leningrad, Krymskaia astrofizi-
Krymskaia astrofizicheskaia observatoriiay Tzvestiia, 12:3, 195L. cheskaia observatoriia, lzvestiia, B:51, 1952.

12. Newton, H. Royal Astronomical Society, Monthly Notices, 103:2hli, 1943.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/05/30 : CIA-RDP81-0 1-3



Declassified n Part - Saniized Copy Approved for Release. @ 50-Yr 2014/05/30 : CIA-RDPB-01043R004500220001-3

- 56- SPECTROSCOPIC INVESTIGATION OF CORPUSCULAR EJECTIONS ON THE SUN
3l;, Chamberlain, J. Astrophysical Journal, 120:360, 195k. by
35. Roberts, W. and D. Trotter. Journal of Atmospheric and Terrestrial Physics, A. B. Severnyi
61282, 1955.
36, leighton, H. and D. Billings. Journal of Atmospheric and Terrestrial 1. INVESTIGATION OF THE PROF]:LES OF THE H AND K LINES OF IONIZED
Fhysics, 7:349, 1955. CALCIUM IN FACULAE

In 1951, V. B. Nikonov and A. B. Severnyi first discovered the character=~
istic asymmetry of the H and K line profiles in faculae. The electrospectro-
photometric method used in this case assured an accuracy which left no doubt
as to the reality of the asyrmetry effect studied differentially, i.e. by
the difference betwecn the residual intensities of these line profiles in the
facular spectrum and lLo=svrrespoudiag undisturbed disk. e
The apparatus for photoelectric recording of the solar spectrum in the

solar tower telescope is shovm in figure 1.

Figure 1. Device for photoelectric recording of the solar spectrum,

The following important improvements were made in this new apparatuss
a) the vignetting of the spectrum, which is caused by the small size of
the speculum which "oscillates" the spectrum, was eliminated:

b) various rates of recording the spectrum were used (from 1/L to 1/500
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cps), which allowed recording without a time lagj and also various time con= spectrum) is shown in the upper
stants were used at the amplifier input and provision was made for rapid and left for each day. Every distri-
easy change of these time constantss ¥ o 9;’%];] bution of extra emission was ob-
c) provision was made for a rapid and convenient exchange of one photo- . s .,,, tained by averaging the results
multiplier (for the visible s}):ectrum) for the other (for the red arnd infrared); e~ v 52 of 3-9 separate recordings. The
+
d) VEI photomultipliers were used with a low noise-to-signal ratio and LY pros! mean square error of one indivi-
a small dark current, etc. o - 7%— dual measurement (according to
; ; : ———— 2 sz
Figure 2 shows an example of a recording of the H line in a facular spec- a P’;M the records of 1952) is 0.5% 3
trum: in the center one can see a double reversal caused by a flocculus. _MM at present this error has been re
IS e 1. 52 duced to 0.25%. The extra
o pr022 }
“ - emission and its asymmetry were
=~ $ e
obtained by differentiations
Tt 14 v 52
01 proM therefore, the measured effect
OO Se e 2 2
—-— — cannot be related to any system-
e T T 15 vl 52 atic errors whatsoever, in parti-
a1 P-u28
PSS e M‘ . cular errors of an instrumental
T P nature (e.g., the polarization
w pouag of light in the instrument and
Figure 2. A recording of the H line of a facular spectrum. m " its variation during the record-
AT, 17 v 52
X ) w ing, et al.).
Figure 3 shows the distribution of extra "emission" in facula No. L2 for P 069
. . P Carfayfeo T TN VAN o toe o dera 24 uore than 30 faculae were
various days: the distances from the center of the H and K lines in R are Ay vy
. studied (1952-195L). 4n examina-
plotted along the x-axis, the difference between the residual intensities of Figure 3. 5 5

. H and K emission profiles in facula ifo. L2. tion similar to that shown in
the facula and the photosphere is plotted along the y-axis (the dots correspond

. figure 3 showed: 1) in practice, the profiles of the extra emission for the I
to the K line, the circles to the H line). The asymmetry of the indicated

A L . line agree well with the profiles Tor the K lines 2) in most cases, the blue
difference (in the sense "blue wing minus red wing") of extra "emission" in

wing of extra emission is higher than the red wings 3) the position and magni-
the facula (a unit on the y-axis is equal to the intensity of the continuous

tude of the extra emission and its asymmetry vary from facula to facula and

*7
FPhotomultipliers made by the All-Union Electronics Institute (Esesoiuznyi also, with the passing of time, for the same facula. The position of the
Elektrotekinicheskii Institut). /Tr. 7
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asymmetry maximum varies from 300 to 1000 km/sec (if the distances from the
center are expressed in velocities), the magnitude of the asymmetry varies
from 1 to 5°/° « In this case, the position and magnitude of the asymmetry do
not correlate with the intensity of the Hy, K2 emission in the center of the
line which is produced by a flocculus. Further, except for one case (facula
No. L2, given in figure 3)s the position and magnitude of asymmetry are not
functions of the position of the facula on the disk. In the case of facula
No. L2, the position of maximum asymmetry shifted approximately according to
the law BA~cos ® in its passage across the diskj however, the magnitude of
this emission did not reveal any relationship to the position of the facula on
the disk. Hence, if the investigated asymmetry is connected with radial
streams of particles, these streams do not go beyond the limits of the chromo-
sphere, since otherwise the intensity of the blue wing, as compared with that
of the red wing, would have increased statistically as the facula approached
the center of the disk.

Basically, the observable effect of the extra emission asymmetry is not
connected with the possible difference in the behavior of the metallic lines
in the facula and in the photosphere, which blend lines H and K, since the
disposition of the blends differs in the H region and in the K region and both
lines generally give results that are in agreement. Furthermore, the examined
effect cennot be connected with the mutual blending of the H and K lines, since
(as calculations of the theoretical profiles of these lines have shown, with
consideration of their mutual blending) blending can lead to an effect of the
opposite sign revealed at distances A\>10 £ and cannot in any way explain
such diversity of the pfofiles of the extra emission. Figure L gives the
theoretical profiles of the H line for the disk (solid line) and for a facula
(dashed line); the theoretical emission profile in the facula is shovm below,

and its asymmetry is shown on the left.

- 61 -

If the extra emission of the blue wing
(asymmetry) is connected with corpuscular

streams, its measured magnitude makes it possi-

+
ble to judge the density of the stream of Ca

N T T d ions, considering that the stream does not ex-
Figure L. Theoretical pro- tend above the upper chromosphere (otherwise
file of the H line. X .
we would observe a relationship between the
magnitude of this emission and cos 8). On an average, the equivalent width of
the excess emission ~ 0.1 £ and is concentrated in a column of approximately

40,000 km, so that the emission per unit volume is approximately

2 . 106 . 0.1

T i =5° 1075 erg/em3sec. (1)
Calculations show that the process of recombinations of a Ca* ion to the L2P
. +
level does not explain such emission. The process of collisions of the Ca
ions with electrons explains it more effectivelys in this case, for the energy
we have
Zohv = qunen(Ca*)s hvs (2)
when v=108 and q=10715, we get, from (1) and (2):
Zghv = 2 » 107 ¥nan(ca*) g ¢ 1075
W 5 ~q010
whence, assuming ng 107", we get
n(ca*) = 104 en™3.
If we calculate the distribution of ng on the basis of velocities, the
magnitude n(Ca*) will be still smaller. Thus, spectroscopic data show that
corpuscular streams have low density, of the order of 1 cm™3 (at the earth's

surface).

The as;umetry of the extra emission in the H and K lines of faculae is a
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very real effect, beyond possible errors. One cannot conceive of any sensible
physical mechanism for its appearance, except the ejection of corpuscles from
the faculae. If this effect is caused by corpuscular streams, they cause
illumination only in the low layers of the solar atmosphere, otherwise we
would be able to observe them above the chromosphere as well as we do the
prominences .

Recently a very interesting spectrogram with K) emission above the chromo-
sphere over a facula was obtained on the solar tower telescope. It reached
a brilliance of apvroximately 100/0 of the continuous spectrum, while its pro=-
file was non-turbulent with a half-width of approximately 0.15 R;xuai‘e&pond-
ing to a purely thermal Doppler broadening, as if this were a stream within

which the particles had only a thermal distribution of velocities.

Further evidence of the connection between this effect and corpuscular
ejections from faculae is given by the good agreement (80°/o of the cases) be-
tween the precomputed moments of corpuscular disturbances (according to our
spectral data) and the actual moment of the magnetic disturbances based on
K-index data.

2. INVESTIGATION OF THE FROFILES OF THE Hyg LINE IN THE SPECTRUM
OF FACULAE

A similar investigation was made for the hydrogen line Hg in the spectrum

of faculae. The preliminary results of this investigation also indicate the

presence of a clearly expressed asymmetry in the behavior of the difference -

asymmetry in the H and K lines.
Figure 5 shows some typical profiles of this difference (the extra "emis-
sion" value, in an algebraic sense, in percents of the continuous spectrum is

plotted along the y—a:\’is). In the case of the Hy line in the faculae, too, no

v (blue)=-
“fv(red)

10 V153

AN

291X 93

qaviise
2

o

~ud wi v wd w0 d

Figure 5. Some typical Hy profiles in faculae.

connection was discovered between the emission in the center of the line and
the nature of the asymmetry. Furthermore, no systematic variation of this
asymmetry from the center to the edge was discovered.

lMost interesting was the ﬂxﬂp_@a}is_o_rl of the asymmetry in the H and K lines

with the asymmetry in the Hy line for the same faculae. Figure 7 gives

extra (algebraically) emission in the facula for the Hg lines (dots) and the

K lines (circles). Analogous graphs were also obtained in other cases.
We see that the distribution of extra emission of the facuale minus the

photosphere is quite different for the Hg line and the H and K lines. Howevers
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profiles in faculae.

if we compare the distribution of

asymmetry, i.e. the difference r,

(facula)-rv (photosphere) for the

red wing minus this same difference

for the blue wing instead of the

distribution of the dirferences
T, (facula )—rv (photosphere ), we will
get an entirely different picture:
the distribution of the Hy asymmetry
reproduces quite well the distribu-
tion of the asymmetry of the X (or
H) line and the asymmetry extremes
in the K line either agree with
those of the Hy line or they are
displaced toward higher velocities.
Several examples of the comparison
of the asymmetry in Hg (dots) and K
(circles) are given in figure 6,
where a scale of velocities (for
comparison) is given along the x-
axis instead of a scale of wave
lengths.

This comparison shows that the

V = asymmetry effect appears in facu
my 53 simultaneously in the H and X lines
40 W0KN/SEC 1y in the Hg lines as it should if
streams are involved here which con-
Figure 6. Asymmetry of the K and Ho

tain hydrogen and calcium particles.
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Figure 7. K and Hy profiles in faculae [rv(i‘acula)-rv(photosphere)].

The fact that the extremess for the K line

as compared with the extremes for the Hg

are shifted toward higher velocities

line shows, possibly, that the velo=~

city of the Ca* ions in the stream of particles is greater than the velocity

of the hydrogen atoms

At the same time, the conditions for the formation of

the H; and H and K absorption lines in the solar atmosphere are highly varied,

which leads one to view this conclusion cautiously: with the same rate of

emission of Ca* ions and hydrogen atoms,

the absorption action in the sphere

of the line can exert a snecial masking effect on the emission and create the

appearance of a difference in velocities.

3. THE FINE STRUCTURE OF FACULAE

very interesting end amazing features of

The new solar tower telescope made it possible to detect recently some

EMISSION ("MUSTACHES")

flare and facula emission, viz. the

so-called fine structure of this emission and "mustaches." It was found that

with good images, the continuous and linear emissions are concentrated in in-

dividual "centers" or "grains" no larger

€300 km) in some instances.

than a circle of scattering of Oil

The emission in the lines differs from the ordinary picture of a diffuse
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emission reversal and has the appearance of groups of narrow and sharp bright
threads intersectingt he line. Often_one observes only fine, glowing wings,
i.e. "mustaches" in absence of any clearly expressed reversal in the nucleus
of the line, as if the nucleus remained undisturbed. This phenomenon, evi-
dently, is of the same type as the "hydrogen bomb" observed at one time by
Ellerman, however it is much more concentrated and is not associated with a
chromospheric flare, as in the case of Ellerman. However, we pay special heed
to the fact that here it is primarily only the blue emission wing along the
lines of the Balmer series Hgs HE 5 ++»> and the H and K lines that appears.
These mustaches are also observed sometimes in absorption, in which case they
are traced to § & along H, and o 20-12 R along the H and K lines. Various
types of such mustaches are shown in figure 8. These mustaches are a short-

term phenomenon, sometimes lasting only a few minutess it is quite difficult

to obtain their spectrum, since a high resolving power and particularly steady
images are required. absorption and emission

We are inclined to regard unilateral or asymmetrical mustaches in emission

tion of emission in mustaches is very characteristic, it is much like that

o
or absorption as spectroscopic evidence of corpuscular streams. The distribu- ! ,.
i i
| 1
H

shown above for faculae. Figure 9 (top) shows profiles of emission in such
mustaches ; observed in the chromosphere (dots) and in the neighboring undis-
+

turbed photosphere (circles)s in the center is a profile of extra emission
in the mustaches, and at the bottom a profile of the asymmetry of this emis- Figure 8.

Various types of mustaches.
sion {excess of emission in the blue wing as compared with the emission in the
red wing).

When vhotoelectric recording is used, a quite high slit must be chosen

in order to eliminate the harmful effect of noices occurring with small light

currents. Therefore, in the photoclectric recording of faculae consisting of

7
The original says uncisturbed chromosphere /Tr._ 7.
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Figure 9. Enission profiles in mustaches.

individual grains with similar mustaches, we must average the whole fine
structure and record a mixed profile, formed by the simultaneous action of
these grains and the undisturbed photosphere btetween them. Thus, the observed
photoelectric asymmetry of the Ha and-the H and K lines is evidently a total
"damped" effect of the undisturbed photosphere, an effect produced by the in-
dividual emission centers of the mustaches.

An examination of the mustache spectra shows that 1) the streams of
particles are concentrated in very small centers, i.e. grains, of the order of
several hundred kilometers; 2) the corpuscular ejections are of short duration
(sometimes of the order of several minutes); 3) the ejections originate at
various depths below the reversing layer,+ primarily at great depthss L) the
mustaches appear at various distances from the center of the disk, in which
case the asymmetrical nustaches arv-ear both on the limb and in the center of

the disk and sometimes are even observéd in the chromosphere (figure 9)
T g .

+J
The following facts attest to the origi
e ¢ £ S gin of mustaches at great depths: a
ghe lines near which thkey are observed often are shifted as a whole Eowarddghe
lue, under the mustaches ;3 b) the weak metallic lines at the site of a mustache
show the same things c¢) mustaches occur in the far wings of the liness d) the

H, line in absorption is sometimes ol PR
s line in absorption is sometimes observed above the mustaches.

If the observed asymmetrical mustaches zive evidence of corpuscular
streams, which is confirmed by the asymmetry of the emission and the shift of

the lines as a whole foward the blue, these streams cannot be purely radial.

Actually, in the case of purely radial emission we would observe primarily

blue mustaches in the center and very small symmetrical mustaches on the limb,
(because of the slight dissolution of the corpuscular bundle) or else there

would be no mustaches at all. Furthermore, the emission magnitude would show

the relationship of the center to the limb, while observations show that the

asymmetrical mustaches are as clearly expressed on thelimb as in the center,
and even more clearly expressed (the blue wing is brighter and more extensive
than the red) and the lines on the limb also shift, as a whole, toward the
blue. Therefore, the center of corpuscular emission cannot be represented
either as a jet always directed radially or as the upward ejection of some

superheated "blister," as was proposed recently by E. R. Mustel' when explain-

ing the appearance of the continuous flare spectrum (in the case of a "blister"
the lines as a whole would not shift toward the blue at the limb of the disk).
However, the observed features of the asymmetry can be explained satis-
factorily if the ejection of particles is conceived of as an explosion, during
which the particles fly off* in all uirections with the same initial velocities.
Actually, with a symmetrical explosion: 1) we will always observe approximately
the same picture both .in the center and on the limb of the solar disk, i.e.
there will always be a component of flow along the line of sights 2) since
during a symmetrical explosion the receding particles always (in the center
and at the limb) basically go into agregion of greater geometric.and optical
thicknesses in the sphere of the absorption line (while the approaching parti-
cles basically go toward lesser thicknesses), the blue wing will be brighter

and more extensive in this case than the red wing. Furthermore, the receding

particles in an explosion close tc the periphery (except, perhaps, for a chansc
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explosion in the chromosphere on the limb will go, basically, into deeper and
denser layers, i.e. they will be decelerated more than the particles coming
toward the observer and passing through (basically) less dense layers. There~
fore, the red wing may be less extensive than the blue. Only in the case of a
very rapid lifting of the exact center of the explosion, €.g.» would we ob=
serve a brighter red wing, whose emission would pass unattenuated through a
mass which is moving quickly upward and absorbing, vasically, from other fre-
quencies.

Tt would seem that such a concept of corpuscular ejections does not agree
with the concentrated nature of the corpuscles ejected from the sun at a small
solid angle. However, if the explosions take place at some deétﬁ in the solar
atmospheres the path of penetration of the particles will be greatest in a
radial direction, and if the losses to deceleration are approximately 1/v2
(v is the velocity of the particles), also the largest number of particles
with the greatest velocity will leave in a raaial direction, where the losses
are least. Thus, if the path of penetration is approximately v’", such a clear
relationship could also cause the outgoing bundle to be narrowe If symmetri-~
cal explosions in faculae occur at a depth, the closer the faculae are to the
edge, the fewer the particles that will be ejected along the line of sight
(due to greater thickness)s but all the same some particles may also be ejected
along the line of sight in the case of a facula on the limb. Possibly this
is associated with the presence of some sort of corpuscular disturbances of the
earth’s magnetic field also in the case of faculae remote from the visible
center of the sun. There is much other evidence; both kinematographic and

spectroscopic, to support the hypothesis of an explosive, extremely dissipat

process in the emission centers. I have presented this evidence recently
/1.7 and cannot dwell on it at this time.

If the explosion concept is correct, the indication of a ca* ion velocity
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greater thon that for hydrogen could be an indication of a nuclear explosion
in which particles of great mass could have the same velocities as light
particles, and even greater velocities. The cross section for very rapid
particles is approximately 1/vL’, and such particles could be comparatively
freely accelerated by magnetic fields.

Two years ago we pointed out the possibility of special nuclear processes
in the solar and stellar atmospheres in connection with certain peculiarities
in the behavior of chromospheric flares [2__7. Recently J. Greenstein also
concluded that nuclear explosions are possibles he mentioned this in a lecture
at the meeting of the International Astronomical Association held in Dublin

in September of 1955.

QUESTIONS AND ANSWERS

E. I. Mogilevskii. Was the question of asymmetry in other lines of the
solar spectrum investigated?

A. B. Severnyi. No, it was not investigated. To check for possible in=
strumental causes of the asymmetry, the profiles of some lines (chiefly tel-
luric) were also investigated and they proved to be symmetrical. However, the
asymmetry we are dealing with in this work is obtained differentially, and
thus cannot be associated in any way with possible instrumental effects.

N. N. Pariiskii. Why do you consider that the mustache phenomenon occurs
at considerable depths in the solar atmosphere?

Severnyi. The mustache phenomenon is observed even in the chromosphere,
but essentially it is a deep phenomenon, since: 1) in the mustache region,
all lines around which the mustaches occur and also some weak metallic lines
shift as a whole toward the blue; 2) the mustaches occur far from the line
nucleus, in those parts of the wings which form at considerable optical depths

3) the Hg line in absorption is observed over the mustachesy U4) the mustaches
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sometimes wash out the weak lines and sometimes do not.
N. A. Iakovkin. If one assumes an explosion, is it possible to calculate
the equivalent width of the mustaches?

Severnyi. It is very difficult to do soe
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SOLAR CORPUSCULAR RADIATION AND THE TOPOLOGY OF THE MAGNETIC
FIELD IN THE SOLAR CORONA

by

E. A, Ponomarev

Up to the present time, study of coronal forms has amounted basically
to a classification of them according to their external features and to
secking a connection between coronal and chromospheric formations [1, 2].

In this latter case, the basic criterion is the entire complex of "environ=-
mente"

Two basic elements of coronal structure were identified: the aggregate
of fine, slightly bent, rays in the polar regions of the corona, which van
de Hulst called polar brushes, and the large coronal rays similar to onions,
called helmets or fanse.

5 ~137 pronosed that polar brushes are a concentration of the

coronal matter flowing along the lines of force of the general magnetic
field of the sun., Later, G, M. Nikol'skii [L] pointed out that the distri-
bution of electron density in polar rays and large coronal rays can be ex-
plained by the movement of coronal matter from the sun with increasing
velocity., S. K, Usekhsviatskii et al.pointed out [5] that such a conclusion
is not in contradiction with siectral observations of the corona, Nikol'skii,
however, esteblished that the factor which caused the asymmetry in the
structure of the polar brushes of the corona of 30 June 1954 was in the
equatorial plane, i.e., it practically coincided with the axis of the large
coronal rays. A comparison of the behavior of the average lines of coronal
rays with the lines of force of the dipole field showed that this is a
systematic departure, The polar rays are more strongly inclined toward
the polar axis, and this inclination increases with an increase in polar
distance.

The fact that H. D, Babcock and H, W, Babcock [6) discovered a rather
stable systematic magnetic fiecld in the polar regions of the sun gives
grounds for assuming that polar brushes are actually streams of matter along

the lines of force of the genersl magnetic field of the sun, However,

magnetograph observations of the lower layers of the solar atmosphere can-
not shed light on the structure of the magnetic field in the outer corona.
But, nevertheless, indirect conclusions can be drawn from this.
Kiepenheuer, in 1935, still knew nothing of the general magnetic field
of the sun, and simply postulated that it is screened in the corona. He

examined [7] a family of trajectories of clouds of ionized gas ejected from
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the sunts surface and "puncturing" the magnetic field enveloping its surface,
In this case the clouds are magnetized and, due to inertia, move further
into the gravitational field, and in the magnetic field itself (each cloud
of the field is created by the other clouds).

The family of trajectories of these clouds, a function of four para-
meters, created a picture reminiscent of the form of the corona during
various epochs.

Kiepenheuer's theory was artificial, and it would not be worthwhile
mentioning were it not the first attempt to explain coronal forms by the
movement of a neutral conducting medium in the magnetic field of the sun,

At present there is a much sounder basis for such an explanation,

To explain the very existence of coronal rays for some considerable
lenoth of time, it must be assumed that at the boundary of the rays there is
a magnetic field with intensity 10_)"-10_’ gauss, Otherwise, a coronal ray
would not last even 10 minutes. (the coefficient of diffusion of matter in
the corona ~10%7 cmz/sac).

The existence of a general magnetic field of the sun makes it possible
to explain the form and lifetime of polar brushes, but at first glance, the
magnetic field is only a hindrance in explaining the fan-like forms, How=-
ever, as we will see later, this is not the case, Before turning to this
question, T would like to point out the need for rejecting all attempts to
explain the magnetic field enveloping the ray by the existence of an électric
current along the ray's axis, since in order to create a field with an in-
tensity 10~ gauss at the boundary of the ray a current is required which
would double the charge of the sun in less than a minute,

We should pause here to examine the assumption that the field which
"protects" the coronal ray is formed by closed currents in the ray itself.
These currents can be induced by an external (with respect to the ray) mag-
netic field., For this, either the field must be variable, or the conducting
matter should move in an external field,

The vorticity fields which create the magnetic "armament" of a ray can
a@ppear only as a result of the motion of coronal matter in the sun's general
magnetic field, Let us examine the Tollowing problem in more detail,

Let us assume that at any place on the limb of the sun (polar distance
v) there is a source of the matter, moving radially in a fine jet, Let us
assume that the sun has a dipole field with moment M, where the dipole axis
coincides with the polar axis., If the matter has diametrical electrical
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conductivity 9y and moves with velocity u, in the jet, current
jaa M [u s ll,,} (1)
is induced, Under these assumptions, one may find a magnetic field in the
solar corona, examining it as the sum of the initial dipole field and the
proper field of the ray induced by the movement of conducting matter in this

dipole field., When the field is successfully established,

rathe

: ll_]. (2)

where h is the induced field and Ho the initial field, For the vector po-
tential we have

Sa= = T ] 3)
Let Ho be the field of the magnetic dipole located at the origin of the
coordinates, while the velocity of the matter in the ray u is directed
radially and lies in the plane xz (figure 1), Then (3) has the solution

B

5

W)

S v is the nolar distance of the source of the matter,
_ir ' and 2 are the coordinates of the "sources" of the
Figure 1 field, and r and ¢ are the coordinates of the points

of measurement, Let us assume that the density of the current of a number
of particles Jn = nu is zero everywhere except for the straight line 8 = ¥
on which ;]n = co; however, the total current

/ ;]n a9

is finite, i.e., u(r'd) = ulr') x 6(H- ¥).
TIntegrating (L) using the formalism of the &-function, we get

e ] T ®)

roic !

where RB is the radius of the sun and o is the conductivity perpendienia»

where M is the magnetic moment of the initial dipole fiel
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to the magnetic field. In a strong field,

@, " while usy ~ o,

where a is the r-exponent in the expression for the variations of electron
density with distance. Assuming uoy = const (in the outer corona it increases

weakly), let us integrate (5):

L 2r
Lo 50 hon e @i (6)
where
L= 2 sinsy

Chzonging from the vector potential to the field intensity, we have

[ 2

ntensiy,

—[2cosp —
|~ {zcose
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Tt is easy to see from (8) that the ratio H/H is a function of a single
parameter p = (2r.uqlﬁe/cz) sinz_v'. From this we can draw the first conclusion
which is, by the way, quite evident, The sources of matter located at the
pole do not distort the initial field. It is quite evident from photographs
of the corona obtained during the eclipses of 1952 and 1954 (e.g.» (8]) that
the polar brushes are reminiscent of the lines of force of a dipole field.
An examination of an ideally minimum corona is of particular interest. In
this case, the sources of the matter should be located exactly on the equator
(v = 90°), The expression for the magnetic field intensity in the solar

corona assumes the form

)

|
|
g (‘1’:‘1,7-,74( ]: ;
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Figure 2 Figure 3

Figures 2 and 3 show the location of the lines of force of a disturbed
field for the case when the sources of matter are located on the eqator
(y = 90°) and in the middle latitudes (y = h5°), respectively, In figure 2
the circles indicate the behavior of the envelopes for fans and polar rays;
the solid curves show the lines of force of the disturbed solar field. Our
attention is attracted ‘o the good agreement between the shape of the lines
of force of the disturbed magnetic field of the sun and the ray structure of
the minimum and intermediate corona.

Many authors have pointed out that the structure of the inner corona
owes its existence to the resence of local magnetic fields; van de Hulst
extended this assumption to include polar brushes, It would be quite logical
to ascribe the '"magnetic! occurrence to fan-like forms, In 1953, V. A.

Krat [9] proposed that "the direction of the magnetic lines of force coin-
cides with the direction of coronal rays." However, at that time, it was un-
founded, and sounded quite unconvincing. It was completely unclear why the
magnetic fields can assume such a strange configuration., It was just this
fzct which was the main barrier to an understanding of the nature of coronal
forms, The present work eliminates this difficulty; the radial flux of a
conducting liquid moving in a dipole field creates, in the surrounding space,
an induced field which, combining with the initial field, gives a picture of
the lines of force which coincides with the shape of coronal rays even in
details, The difficulty in explaining the comparatively long lifetime of
coronal rays is automatically eliminated, With a field intensity of H =

=3 x 107 gauss™ and a ray thickness r = 0.1 Ry, the lifetime of the ray

* Computed from (9) for a point 2R from the surfsce of the sun and 0.CSR_ from

the ray's axis, assuming that the magnetic field intensity at the pole of the sun
~ 0.1 gauss.
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with respect to diffusion

Taifr s M (et

where b is mobility, ¢ the electron charge and T kinetic temperature., When
T =10° ° ard N = 106 particles/cms, the 1;‘Lfetime fdiff%107 sec., The ray
will be stable with respect to diffusion,

VWle can use still another fact to compare theory with observation: making
the highly improbable assumption that the boundaries of the eastern ray in
corona 1954,505 coincide with the lines of force (this ray lies in the pictwre
plane), we can select yu such that the form of the lines of force will ac~
curately agree with the outlines of the ray., But we know the apparent ex-
pression for u (for corona 1954.,505 K -~ 1):

T .

“

At a distance R = 2}1@, o ™ 90, Ifn -~ 1O6 particles/anB, T~ 5 x 105 ° and

H ~ 0,035 gauss, u -~-120 km/sec. The velocity is less then that obtained

from geophysical observations (~- 10  em/sec), but such agreement should also

be considered good.

In conclusicn we should note one more thing; the form of the lines of

force of the magnetic field of the solar corona changes radically if the
matter in the ray does not move array from the
sun but if, like the stream of a fountain, it
roturns, In this case the magnetic field would
be of the approximate form showm in figure L,
Tossibly, however, a certain part of the matter
in the lower regions of the ray returns to the

sun, i.e., there exists, so to speak, a

Figure L “ecounter-current," This can lead to the for-
mation, within nelmets, of unique arcs and
envelopes [1]. In any event this fact should be considered and should be
examined in more detail,

- 79 -
QUESTIONS AND ANSWERS

A, I, LEBEDINSKII, What forces compress the ray into a fine needle?

E, A, PONOMAREV, In the present work this question is not examined. How-
ever, forces can be found from the least-energy principle,

S. B, PIKEL'NER, Aren't there contradictions in the sequence of the solution
of the problem? First it is assumed that heating occurs in the magnetic
"sack" end then that the field forms during the movement of a stream.
PONOMAREV, In posing and solving the problem there were no assumptions made
as to the heating of gas in the '"magnetic sack." It is assumed that there

is a directed movement of the conducting gas in the external field and that
alone,

N, A, TAKOVKIN, Do the magnetic lines of force rotate with the sun or do
they lag behind?

PONOMAREV, Of course, magnetic lines of force rotate together with the sun,
E, I, MOGILEVSKII, What initial velocity should be imparted to the stream
to insure that the corpuscular stream emerges from the coronal region, taking
the influence of the magnetic field into account?

PONOMAREV, The velocity of the stream is not given in the computations and
has not been determined independently. The velocity enters only in the form
of the product ualF which is determined from observations., Computing the
electrical conductivity from lmown formulas we can estimate approximately
that u~ 107-10° cn/sec.

IA, G, BIRFEL!D, How does a beem pass through plasma?

PONOMAREV, We assume a unifom current of conducting liquid, and examine its
interaction with the magnetic field for the case of steady movement., We can
say nothing either of the history of the current or of the causes of its
formation, We consider that it already exists and we are interested in how
this existence is expressed in the distribution of the magnetic field in the
corona,

V. A, KRAT, Vhat velocities were assumed in the computations?

PONOMAREV, Velocities were not examined, but the parameter u was selected,
PIKELINER, Can it be said that there is no corona but only streams?
PONOMAREV, No, Hydrodynamic conditions do not exclude hydrostatic conditions,
A, B, SEVERNYI, How is the general magnetic field disrupted? After all, it
is perpendicular to the stream,

PONOMAREV, The stream "draws" lines of force after it, Here the liquid
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performs work in "deforming" the magnetic field. Of course, there must have DISCUSSIONS ON THE LECTURES OF E, R, MUSTEL', A, B, SEVERNYI,

been sources of energy capable of covering this energy expenditure, S. K. VSEKHSVIATSKII ET Al.,G. M., NIKOL'SKII AND E, A. PONCMAREV
- LITERATURE CITED K. P. STANIUKOVICH, Since on the sun streams of gas exist which have
velocities of hundreds of km/sec (up to 1000 km/sec), when these streams are

[1] Vsekhsviatskii, S. K., E, Ia, Bugoslavskaia, and A, N. Deich. !%936 braked in shock waves the temperature can increase to 1,000,000° (and more),

ekspeditsii po nabliudeniiu polnogo solnechnogo zatmeniia 19,

1938, Chapter 1. which is quite sufficient for the excitation of thermonuclear reactions even
[2] Bugoslavskaia, E, Ia. Moscow; Universitet. Gosudarstvenn%:g' Astrono- in the outer parts of the sun, With temperatures of the indicated order of
micheskii Institut imeni P, K. Shtermberga, lrudy, : . nagnitude, the volume of matter does not play an essential role; thermo-

(3] van de Hulst, H. C, Article in The Sun, edited by Kuiper. Chicago,

1 eacti in the pres f hydr d deuteri n the s an
University of Chicago Press, 1953, Ch. 5, p. 207. Russian translation nuclear reactions in presence of hydrogen an uwoerium o un @

published by Izdatel'!stvo Inostrannoi Literatury, 1957. occur even with small amounts of matter. Therefore, I agree with the opinion
[L) Nikol'skii, G. M. Astronomicheskii Zhurnal, 31(L), 195k. : i of A, B, Severnyi as to the possibility of explaining flares as the explosion
[5] Vsekhsviatskii, S, K., G, M, Nikol'skii, E, A. Ponomarev, and V. I, of "hydrogen bombs" on the sun, This hypothesis is interesting and requires
Cherednichenko, Astronomicheskii Zhurnal, 32(2), 1955, a systematic analysis and development.

6] Babcock, H, W., and H, D, Babcock. Astrophysical Jourmal, 121, 1955. A. B. SEVERNYI. Unsdld considers that great energy is required for the
[7] Kiepenheuer, K. O. Zeitschrift flr Ast.cphysik, 10, 1935.

(8] ey et 8o Koo and G, M. Nikol'skii. Asbronomicheskdi Zhurnsl, V. A. BRONSHTEN. We should not confuse the question of what cbser-
5 1955,

formation of a stream; therefore, we must continue to seek nuclear reactidhs,

[9] Krat, V. A, Akademiia Nauk SSSR, Komissiia po Issledovamiiu Solntsa, vations yield in respect to the nature of coronal rays with the possibility
s Vo Ay 4 emi.: SSSR,
Biulleten', No. 3-9, 1953, of finding a theoretical mechanism which would explain the nature of these
rays, in particular, the hypothesis of corpuscular streams, A number of

coronal photographs during the eclipses of 19 June 1936 and 30 June 195h
show coronal rays up to 8-10 R@ in length, Several of them are radial,
others at an angle., The ray at the eastern limb of the disk on 19 June 1936
is of particular interest; it is noticeably bent, which shows the mani-
festation of the influence of local magnetic fields on the sun connected
with spots. Far from the sun, the ray expands and weakens, blending with
the background,.

Thus, the structure of the rays of the far outer corona rather confirms
v the hypothesis of corpuscular streams. In this case I shy away completely
from its theoretical interpretation.

E. R. KUSTEL!, First, I.would like to make several comments on the con-

centration of corpuscles in streams, Several basic concepts of the given

question have already been presented in the introductory lecture, where I

pointed out that in my opinion the most probable estimates of the concen-
tration are those based on study of magnetic storms and the emission spectra
of polar aurorae. These estimates for the concentration of protons are as

follows: np = 1 o™ for moderate disturbances and n, between 25 and 100 om™3
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for strong disturbances,

Nevertheless, in the pr ding discussions these estimates have been
disputed without sufficient grounds, end it was asserted that those estimates
based on study of the polarization of zodiacal light and the study of ac-

celerations observed in comet tails would be more valid, I have already
pointed out that these latter methods yield very indefinite results, How-
ever, the given question will be discussed in greater detail in subsequent
lectures, and I would like only to point out the following facts.

Considering that polarization of zodiacal light is caused by electrons,
Siedentopf, Baer and Elsasser have found that near the earth the corresponding
concentration of electrons, and subsequently also protons, is close to 1
cm—s. Here authors defending the coronal concepts of current assume that in .
this case as well we are dealing with streams of protons and electrons from
the sun moving at a velocity of about 1000 km/sec and having the indicated
concentration np %2107 em ~.

On the other hand, it is known that the isophotes of zodiacal light are
stationary and are always of a completely smooth nature. This indicates that
from the point of view of the given concepts, the earth is always in the
field of relatively equally distributed (in space and time) streams with
v = 1000 km/sec ard np =% 1000 om -,

At the same time it is known that even in years of maximum solar ac—
tivity the earth's magnetic field is quiescent between individual di stur-
bances., In other words, in the examined case, we should have consi dered
that corpuscular streams, with the above-indicated parameters, correspond
to a quiescent magnetic field, but this cannot be, since the energy trans—
mitted by such currents with v = 1000 km/sec and np 90103 cnn_3 is so great -
that these streams cannot help but create noticeable disturbances in the
earth's magnetic field,

Furthermore, let us assume for the time being that the indicated currents
actually correspond to a quiescent field, But whatever theory of magnetic
disturbances we use, the concentration of atoms corresponding to strong dir-
turbances and a quiescent field should differ by 3-4 orders of magnitude. In
other words, strong storms should correspond to concentrations of 10 -107
cm_B, which is slready quite absurd, and differs by 10 -10" times from that
which we would get if the theory of geomagnetic disturbances were used, More-
over, streams with v = 1000 km/sec and concentrations of 10 107 en™> cor-

respond to energies greater than the solar constant. Approximately the same

Declassified in Part - Sanitized Copy Approved for Release @

'50-Yr 2014/05/30 : CIA-RDP81-01043R004500220001-3

_ 83 -

argumentation is applicable to comets as well,

Let us return again to the "coronal concepts of corpuscular streams.
It should immediately be stressed that we must differentiate between the
question of the movement of matter in coronal rays with velocities up to
several km/sec and even in a number of cases to ten km/sec, and the hypothesis
which states that in the outer parts of coronal rays, matter moves with "geo-
physical" velocities of the order of 1000 km/sec, We cannot doubt the first,
since the very fact of the existence of extended coronal rays as solar for-
mations attests to the movement of matter away from the sun, and we should
recognize the service done by Ponomarev in processing the physical mechanism
which determines the kinematics and dynamics of matter in the corona. The
concept of coronal rays as well as streams of geoactive corpuscles is another
matter, I completely disagree with these concepts, I have already enumerated
my main objections; these are objections connected with the radiality of
solar corouscular streams. Let us make a number of additional comments.

A number of observational facts presented in one of my works (Astrono-
micheskii Zhurnal, 32: 177, 1955) attest to the fact that at the base of rays,

micheskil ZOurna’,
right up to heights of 0,5 R@ -1 R@ from the sun's surface, radial efflux

velocities cannot exceed several km/sec. Accordingly, we should introduce
some mechanisn of the acceleration of coronal matter in the outer parts of
the rays. This acceleration mechanism is as yet completely hypothesical., In
the mechanism examined by Ponomarev, the main force which determines the
acceleration outward is the pressure gradient connected with the temperature
drop. e cannot tell anything from the magnetic forces themselves, since

it is known that magnetic forces usually only decelerate matter,

But in such a case it should be noted that the efflux of matter should
be most intense not above promincnces, where the extended coronal rays* are
directly observed , but above faculae, It is known that actually, directly
above faculae, there are regions of increased luminescence in coronal lines,
whereupon these regions are extremely hot. Accordingly, it is actually here
that we should expect a great temperature drop, although again it is difficult
to identify broad coronal rays above faculae with geoactive streams, since
above faculae as well, coronal rays are usually not radial. On the other
hand, in the base of "helmets," which are the lower part of extended coronal

rays, monochromatic coronal luminescence is not amplified. Moreover, in the

*
) which are glso considered as geoactive streams.
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"helmets" above prominences, light M"ares" may be observed which are separated
from each other by a dark space across which the pressure gradient naturally
cannot act, Therefore, the hypothesis that the pressure gradient plays an
especially great role in helmets and higher is not based on any physical
premises.

Moreover, it is quite clear that Ponomarev's accelerating mechanism
should be most effective in the lower layers of the corona where there is a
noticeable drop in temperature. However, undoubtedly in the outer parts of
the rays, greater isothermy is observed than in the lower parts, Also, as I
have alréady pointed out in the work cited above there are practically no
noticeable movements to the outside up to distances 0,5 RO -1 H.0 from the
sun's surrfacel

I would like to add the following to what has been said, It seems pro-
bable that there is much more matter in the corona in the outer parts of the
rays above faculae, but it is included within a wide beam, while in rays
above prominences, there is less matber, but it is mostly focussed and there-
fore appears in the form of bright rays. This supposition should be verified
by direct photometry of both types of rays.

The next concept is as follows. Extended coronal rays narrow outward,

. judging from their fomm, Therefore, when a ray moves in smce (caused by
the sun's rotation), it vwill pass by the earth in much less time than is
usually taken by disturbances (4, I, Lebedinskii has already mentioned this).
However, this vievpoint can be taken even more seriously if we consider that
in years of minimum, the disturbances last sometimes up to ten days, which
follows from figure 13 of my introductory lecture (p. 22) [translated by
A, M, S. (tr.)]. In this case, the discrepancy between the time that the
earth is actually located in the stream and the time which we would expect
from the hypothesis of coronal rays (as geoactive streams) should be no less
than three orders of magnitude, True, the authors of this hypothesis assumed
that coronal rays diverge once again at great distances from the sun, How-
ever, one hypothesis should not be used to construct a multitude of others
which derive from nothing and would be highly improbable,

Finally, we should bear in mind that, in contradiction to vhat has alre

ady
been proposed, at present there is no sufficiently convincing evidence of the
geophysical nature (comparisons) which would spe ak in favor of the examined
coronal hypothesis of corpuscular streams. The negligible amount of com-

parisons made up to the mresent time carry no weight, the more so since
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basically these comparisons are of a completely frivolous nature., Thus, €.g.,
many people consider that the large eastern coronal ray observed during the
eclipse of 25 February 1952 produced disturbances which then repeated them-
selves, At the same the direction of this ray comprised an angle of about

25° with the direction to earth! Such comparisons are not worth talking about,
the more so since we know nothing of the direction of the rays with respect

to the meridional plane on the sun; moreover, we do not even know vhether
these rays preceed their base or lag behind it., Furthermore, there are always
so many coronal rays that when making such comparisons, there are a great

many discrepencies.

Considering everything that has been said, I personally do not think it
obvious which arguments and concepts speak in favor of the coronal hypothesis
of corpuscular streams. On the other hand, all the data of a geophysical
nature (radiality, etc.), and also other data, contradict this hypothesis.

In conclusion it should be noted that despite the remarks made, the
study of motions and the dynamics in the outer corona and particularly in
rays is an exceptionally important problem. In particular, the idea that
the interaction between coronal rays is caused by the presence in them of
stream systems where the speeds of protons and electrons are somewhat dif-
ferent, is a very interesting one. However, it is quite obvious that for
effective interaction, high general velocities of the movement of matter in
the rays are not required., Thus we know that "helmets" and their extensions
(extended rays) usually lie in one general straight axis, i.e., the deviation
from radiality here is approximately uniform. In addition, in the "helmets,"
i,e., in the lower parts of the corona, the general velocities of matter are
very low (see the sbove referente), no more than several km/sec.

Finally, V. V, Vitkevich's results are very interesting. These have to
do with the presence of electron heterogeneities in the corona with a con-
centration of the order of ng 52 U cm—3, located at distances 10-15 R0 from
the sun. This latter fact attests to the extreme complexity of the structure
of the outer corona, Such investigations should be continued,

G, M, NIKOL'SKIT, The assumption of low velocities in the base of the
ray (~ 105 cm/sec), on the basis of the assumption that the ray is a stream
of matter, yields velocities in the outer parts of the rays ~- 10° cm/sec.
This follows from the continuity equation

vil(r)? = const
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and from data (observational) on the distribution N(r) in the ray, The
velocity v will increase~ ) where n is the gradient of a decrease of N(r).
Computations give v~ 108 om/sec in outer parts of the corona.

However, the established, as it were, absence of macroscopic velocities
in the non-eclipse observations of the inner corona do not exclude the ex-
istence of considerable microscopic velocities in rays where the rays are
visibly stationary., Here we should note that non-eclipse observations made
in emission lines do not give us a picture of movements in rays, since we
Ynow that there is a lack of correspondence between regions of increased
luminescence in coronal lines and "white" rays. At the same time, Waldmeier's
recent observations indicate the existence of mass macroscopic movements in
the inner corona, which follows from the lifetime of monochromatic rays, ~15
minutes, which he established,

S. B. PIKEL'NER, In examining a ray as a stream we should consider the
place of formation of rapid particles. If they come from the chromosphere,
the ray is a two-phase system; a great part of it is in eqilibrium and the
stream passes through it. If, however, rapid particles form in the corora,
from the continuity equation we, get motion of all matter of the ray upward,
with gradual acceleration, Date on the asymmetry of lines attest, rather,
to particles from the chromosphere, Ponomarev's theory is interesting and
worthy of attention.

Not all streams of the corona can be geoactive, I believe that the
estimate of the density of the stream is somewhat too high; it hardly ex—
ceeds 102 cm - for moderate disturbances, The slight divergence of the
stream is also doubtful, In this case, there would be little orobability
of the current's striking the earth.

V., A, KRAT, The question of the mechanism of the ejection of geoactive
particles has been of great interest at our meetings. The main thing now is
to establish the location of the centers of geoactive corpuscular radiation
on the sun's surface and to associate them with the actually observed phe~
nomena, On the sun's surface, such regions can only be chromospheric layers
and facular fields (which, as A, B. Severnyi has succeeding in establishing,
are accumulations of small chromospheric flares)., In this csse we can es—
timate the velocity of ejections of corpuscles, and esteblish the fact that
they c:zceed the critical velocity.

The question of the connection between flares and the phenomena in the

outer corona should be examined separately since there are, as yet, no obser-
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vationrl data for it.

B, TA, BUGOSLAVSKAIA, The coronal forms are determined by formations
on the sun's surface; the question of their stability is connected with this.
Coronal forms are disrupted, and the corresponding formations on the sun's
surface disappear, but not immediately; it is interesting what the present
theory gives in this case.

In the lectures we have spoken of the rays above prominences. Above
faculae, there appear direct rays running in a broad but slightly divergent
stream. The forms and interactions of coronal streams attest to the presence
of electromagnetic forces.

The velocities of movement of matter along a ray can be determined only
indirectly from photographs, In two cases, such velocities were estimated
to be no less than 100 km/scc.

N. IA. BUGOSLAVSKATIA, 1. The prominence observed during the solar
eclipse of 19 June 1936 attests to the transfer of matter of the prominence
into the corona; like the prominence, it stovped glowing., In its place
there remained coronal clouds of the same shape but considerably expanded.
"art of the matter falls back md part evidently scatters.

2, The difficulties in explaining irregularities in the behavior of
disturbences, as indicated by 1

corpuscular streams, disampear, if we consider the possibility that the

fustel! from the point of view of the action of

earth enters the corpuscular stream.
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MORNING CONFERENCE
23 November

BY

CONTINUATION OF THE DISCUSSIONS ON THE LECTURES

E, R, MUSTEL', A, B, SEVERNYE, S, K. VSEKHSVIATSKIT
ET AL, G, M, NIKOL'SKII, AND E. A. PONOMAREV

S. K, VSEKHSVIATSKII, 1. Yesterday we heard convincing evidence that,
according to Mustel!, the mechanism of light pressure cannot explain the )
formation of streams. But even if such a mechanism were active, and recti-
linear streams were to form (which actually cannot occur), would they pass
through the corona? Here Mustel! and certain others defend the position
that geoactive streams have nothing in common with the corona. But what
does this mean? If they acknowledge that coronal matter is plasma, either
the streams are formed by coronal el ctrons and protons, or they do not
exist at all, There cannot be any other geoactive streams besides corpuscular
streams, This would be the same as acknowledging the fact that streams do
not exist, However, complete demial of streams means that all geophysical
data have to be disregarded.

Thus, the concept that streams are not connected with coronal structure,
which Mustel' suggested long ago, is logically unsubstantiated, and contra-
dicts physical concepts.

2, Here Mustel' used alleged proof of the radiality and narrowness of
geoactive streams, which therefore cannot be, as it were, coronal rays.
However, it is actually the coronal rays that are characterized by narrowness
and directedness, Furthermore, the conclusions of M. N. Gnevyshev and A, I.
01' were obtained from statistics of the spottiness of the central regions
of the disk as compared with the average Beomagnetic features. Knowing about
these deviating fields of spots, we should recognize that the relationships
of Gnevyshev and Ol' are actually proof of the non-radiality of streams which
is in complete agreement with the structure of the corona. The Gnevyshev-01'
relationship attests only to the fact that the disturbed region, character-
ized in particular by spobs, yislds mor coronal particles and consequently

greater density in geoactive streams. The conclusions about the narrowness
of streams are of the exact same statistical nature. They can in no way be
an objection against the representation of coronal rays.

3, Everything that Mustel! has said about the alleged non-correspondence
between coronal rays and geoactive streams is a misunderstanding., Our com-‘
putations actually indicate the stability of coronal rays, their rotation with
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the sun and accordingly, the obligatory nature of the 27-day recurrence, The
pulsations of rays which lustel' tried to attribute to our statements are
simply untrue. Actually, we show that coronal radiation and structure are
an important path toward understarding geomagnetic phenomena,

lustel' is mistaken when he asserts that the recurrence of storms is
observed only in pre-minimum epochs, Bartels' carpets prove that in the
maximum epoch, sequences do exist, but they are less stable, This is under-
standable from the viewpoint of the concept of coronal streams, but com-
pletely unexplainable from the positions of lustel's concepts,

E. I, MOGILEVSKII, 1. The interesting results of the photoelectric
observations of emission in lines Ha" H anc in flocculi, given in the lecture
by A. B. Severnyi, should be, as we know, diligently analyzed from the point
of view of the computation of the experimental errors which arise during such
highly accurate measurements. /s has already been pointed out at the last
plenum of the Solar Research Commission* » in the photoelectric installation
of the Crimean Observatory the instrument polarization of light, occurring
during reflection of light from the mirrors and the diffraction grating, is
"anelyzed' by the diagonal scanning mirror and by the concave photocathode
of the photomultinlier. We can.shotr that after the disgonal scanning mirror,
whose reflection coefficient is T - T{A), the light intensity is determined
by the expression

]-:]-OT cos?y(Peos?y+sinfy) +sin?y(cosy+siny) ~sin2y. : 2(1-P)

cos2y(cosy+Psiny) +Tsin2y( Peos2y+siny) +sinl2y. YT /2(1-P)

where v is the angle of incidence of 1light onto the diagonal mirror and p is
the instrument light polarization. With a change from y to y + dy in the
angle of incidence onto the scamming mirror, the computed magnitude dI with
possible values of the parameters ° and T (the latter are taken from measure-
ments using the photoelectric amparatus of the Scientific-Research Institute
of Terrestrial ?'agnetismms ) reaches several percents of I, which is com-

parable with magnitudes of the observed effect, Here we should remember that
the mulbiplier of the Crimean Astrophysical

Observatory apparatus is extremely sensitive to a change in the degree of

volarization. Experiments made with the PEM~17 have shown that a change in

‘the photocurrent is almost proportional to a change in polarization. There-

)

Komissiia po Issledovaniiu Solntsa

Nauchnb-Issledovatel 'skii Institut Zemnogo Magnetizma
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fore, in installations where the measurement ;:curacy should be high (< 1%),
it is necessary to take special care that the effect of instrument polarization
be considered, The correlation shown in the article between the differences
in the emission of wings in lines H‘1 and Ca IT with a lack of connection be-

tween the magnitudes of the emission in these lines can be intermreted as a
change in intensity of the output signal connected with the feeding of
polrized light to the photocathode in the wings of the investigated lines.

2 The following remarks should be made about the question of the forces
acting during the emission of the corpuscular geoeffective stream, The ‘upper’
chromosphere and the corona are an almost ideal plasma. We can give strict
proof that above active regions where a corpuscular stream is generated the
determining forces will bs local magnetic and induced electric fields., With
any mechanism of the generation of the stream, the joint action of magnetic
and electric fields determines the possibility of the emission of corpuscular
streams. In addition, with the simultaneous action of H and E fields, the
corpuscular stream is focussed in a radial direction from the sun. However,
local magnetic-electric fields are "short-term" forces, Their effectiveness
is comparable with other possible forces (e.g., with selective light pressure)
at a distance ~2,5-3 R@, beyond the limits of which their influence rapidly
decreases, In addition, it can be pointed out that if we consider the inter—
action of a corpuscular stream with an interstellar medium, the corpuscular
stream camot reach the earth if, during movement from the sun to “the earth,
the corpuscles do not receive additional impulses from the sun. The only
force which éan continually maintain the movement of the stream for a con-
siderable distance from the sun is selective light pressure, Beyond the
limits of the influence of magnetic-electric forces (= 3 R@)) the objections
against the action of selective light pressure which were advanced in the
lectures by I. S. Shklovskii et al, evidently lose their force, The r oposed
scheme was examined in detail in works carried out at the Scienti-fic-Research
Institute of Terrestrial Magnetism,

The work by A, B. Severmyi is of very great interest.
In particuler, the new "mustache" phenomenon is interesting, Severnyi's
arguments in favor of the deep origin of these "mustaches" does not seem con-
vincing to me. In the given spectrograms it is not obvious that in most
cases the absorption lines in the region of the a-pearance of "mustaches"
were shifted toward the blue., The fact that "mustaches" arise in the "far
wings of the lines" attests only to the movement of matter which forms this

i
i
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phenomenon relative to the layers in which the central part of the line forms
and can in no way serve as an argument in favor of the deep origin of this
effect., But, on the other hand, the presence of such a shift attests to the
fact that this formation occurs in layers higher than those which are re-
sponsible for the formation of the central parts of the absorption lines,
i.e., the rather high parts. Attempts could have been made to explain the
presence of "mustache" asymmetry both in the center and at the limb by the
peculiarities of the direction of the magnetic field in these regions, In
any event this phenomenon is of exceptional interest,

E. R, MUSTEL'. I would like to make further remarks on the coronal
hymothesis of geocactive streams.

Tirst of all, I do not agree that conclusions as to the laws of the dis-
tribution of velocities in the ray (along the ray) can be drawn from a study
of the laws of distribution of density in a coronal ray. Such conclusions
assume that the continuity equation obtains along the entire ray. However,
we cannot agree with this, First, it is known that above rominences in the
base of rays we usually observe closed "eres", which already shows that a
considerable part of the coronal matter in the base of the ray cannot proceed
outward, and if it does move at all, it moves along closed trajectories.
Second, a careful examination of coronal rays, particularly of drawings from
photographs of the corona, show that the structure of each ray is very comple:,
In a number of photographs (or drawings) it is obvious that the main body of
the ray consists of individual rays, while certain of them, judging from the
photographs, reach only relatively low heights. In other words, from the
observational viewpoint we should assume, rather, that the distribution of
brightness along the ray is of a statistical nature, i.e,, it is determined
by the distribution of the individual components of the rays along the ray
itself, In this regard, the assumption that one continuity equation holds
along the entire ray is an arbitrary hypothesis, which contradicts obser-
vations,

As for the macroscopit velocities in the inner corona, they actually
exist, but they are, according to laldmeier, of a turbulent nature, and the
velocity of this turbulence decreases with height,

The non-agreement in a number of cases between regions of increased
luminescence in the coronal lines and the "white" regions (rays) is easily
understood. The first regions correspond to an increase in temperature (or
in general to conditions of anomalous ionization and excitation of atoms); the
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second, however, simply characterize the locations of greater density in the these velocities can exceed the critical velocity., Therefore, we should
corona caused, as we would expect, by focussing (i.e., ek ctromagnetic) state that the question of the efflux of matter from the corona still has to
factors, However, in all cases, the radiation in coronal lines is an insep- be investigated.

arable property of all coronal ions (in whatever region they happen to be)
ond, accordingly, from a shift in the lines, we can always judge movements in

the corona.
The question of the passage through the corona of streams of atoms,

passing rd from the ¢ re, has already been treated by me in one
of the answers regarding my introductory lecture, In particular, distur-
bances from chromospheric flares show directly that the assertion "there can~
not be any geoactive streams except coronal streams" is wrong.

Further, naturally, coronal rays in their outer parts are narrow and
oriented, since each coronal ray is directed somevhere, However, the narrow-
ness of the rays has a somewhat specific connotation in the coronal hypo-
thesis of corpuscular streams, The geophysical observations attest to the
narrovmess of the solid angle of the streams; here, however, we are simply
speaking of the narrowness of rays which implies complete disagreement between
the corona and its assumed influence on the earth., The introductory lecture
discussed this in great detail and T am not about to repeat it. There we
also mentioned the regulerities in the recurrence of disturbances and chages
in the direction of streams in the cycle and during the year,

V. A. KRAT, Severnyi has established the existence of ejections from
chromospheric flares which occur with a velocity exceeding the velocity of
the detachment; he also supported the hypothesis that facular fields are
accumulations of small flares, Therefore, it can hardly be doubted that at
least some part of the corpuscular streams of the sun are produced by facular
fields, Mustel! is definitely correct in pointing out the existence of a
connection between the development on the sun of active regions (mainly
facular fields) and the phenomena in the-carth's magnetic field.

In this regard it is still impossible to assert that no part of the
coronal rays can reach the earth's orbit, However, the identification of
all coronsl rays with geoactive streams, as was done by Vsekhsviatskii and
his associates, is completely unfounded, since the ratesof movement of matter
in coronal rays are unknown, It seems more natural to assume that most coronal
matter, which converts into prominences upon cooling, falls back onto the
sun's surface. Neither Vsekhsviatskii nor his associates have succeeded in

determining the velocity of coronal streams of gas, but they point out that
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MAGNETIC DISTURBANCES IN THE REGION NEAR THE POLE AND THE EXISTENCE
OF A SECOND ZONE OF THEIR INCREASED INTENSITY

by
A, P. Nikol'skii

The questions entering into the problem of solar corpuscular radiation
can be divided into three main groups: the first desls with the mechanism of
the radiation of corpuscles by the sun, the second with those physical pro-
cesses which occur in solar corpuscular streams in interplanetary space, and
in part along their path from the sun to the earth, and finally, the third
group pertains to questions connected with the ?.nvasion of solar corpuscles
into the upper layers of the earth's atmosphere and the appearance there of
a number of physical phenomena.

Invasions of solar corpuscles into the earth's atmosphere cause magnetic
ionospheric di sturbances, polar aurorae and disturbances in earth currents.
The study of these phenomena, in addition to their scientific interest (for
solving the problem of solar corpuscular radiation), is also of great practical
interest, since during periods of magnetic ionospheric disturbances, con-
ditions of shortwave radio communication are sharply disrupted.

Despite great successes in studying the character of these phenomena,
there still remains much that is not clear in the physical mechanism of their
origin under the influence of solar corpuscles which invade the earth's
atmosphere, Here it is not necessary to discuss in detail the existing
theories of the phenomena, of which the best known are the Birkeland-St&rmer,
Chapman—Fer:raro, Martin and Alfven theories, At present there is no gene-
rally accepted theory of these phenomena, It should be noted that in a number -
of theories general concepts play a large part., Thus, e.g., we may cite the
work of Shuster who, criticizing the Birkeland-StOrmer theory, maintained
that the.stream of solar corpuscles of one sign scatters before_ reaching the
earth, Shuster's criticism would be justified if interplanetary space were

a vacuum, However, at present there are grounds for assuming that in inter-

planetary space there is actually ionized gas of a definite density. If this

is so, possibly Shuster's criticism would prove invalid for actual conditions.
This example shows the need for continual control and re-examination of the
already proposed theories of the geophysical phenomena on the basis of newly
discovered facts and laws, If we do not do this, we are apt to deviate from
reality and to convert such theories into purely formal structure,

The aim of the resent lecture is to acquaint the participants of this
meeting with certain new data and rules from the region of magnetic and, in

particular, ionospheric disturbences in high latitudes, revealed through the
study of these phenomena at the Arctic Institute. These new facts pertain
mainly to the distribution,during 2L hours of irregular magnetic disturbances
or, as they are called (incorrectly, in our opinion), the daily variation of
magnetic activity. It should be noted that study of the daily distribution
of magnetic disturbances at present has not attracted the attention whigh it
deserves., Actually, there can be no doubt that magnetic and ionospheric
disturbances are caused by the invasion of solar corpuscles into the upper
layers of the earth's atmosphere. There is also no doubt that the presence
of a magnetic field in the space surrounding the earth cannot help but in-
fluence the stream of corpuscles approaching the earth. Finally, the fact
that the orientation of the magnetic field with respect to the corpuscles
flying toward the earth, because the axis of rotation and magnetization do
not coincide during the day, does not remain constant, gives additional
grounds for assuming that conditions of the invasion of corpuscles into the
earth's atmosphere also change during the day, From all this it is evident
that by studying the daily di stribution of irregular magnetic~ionospheric
disturbances we should expect to discover important and essential facts.,

It seems that new facts would be useful for further processing of the
questions of the theory of magnetic disturbances and polar aurorae and for
explaining the mechanism of the effect of solar corpuscles on the upper layers
of the earth's atmosphere.

The data given here were obtained from the Soviet Aerial Expeditions
(1948-1951) and drifting station “North Pole-2," These data pertain to the
behavior of the magnetic disturbances in previously inaccessible regions
of the central Arctic, in the regions of the earth near the Pole,

Observations of magnetic disturbances showed that the intensity and fre-
quency of the appearance of irregular disruptions of the earth's magnetic
field have a rather well expressed daily variation,

From observational data during the Second International Polar Year (1932~
1933) Stagg [1] showed that at high-latitude stations there is one maximum
in the daily variation of magnetic disturbances, a morning-daytime masdimum
at stations with ® > 80° (2 is geomagnetic latitude) and an evening-nighttime
meximum at stations with © < 700. At stations located between geomagnetic
la titudes 70° and 80° there are two maxima in the daily variation of magnetic
disturbances, i.e., morning-daytime and evening-nighttime, Stagg concluded
that the daily variation of magnetic disturbances in high latitudes is a
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function of local time.

Later, on the basis of more extensive data (19 stations with ® > 60°
instead of the ten stations with @ > 550 examined by Stagg), we expressed the
assumption (2] that morning-daytime magnetic disturbances are functions of
Universal Time (UT) and the evening-nighttime disturbances are functions of
local time. N. P. Ben'kova [3], who introduced observational data of magnetic
stations in middle latitudes into the investigations, proposed that Stagg's
conclusions are closer to reality, although she does not consider them to be
indisputable., However, Stagg's conclusions were not developed further, and
their physical explanation was not found.

At present it can be considered as established that the typical forms of
the daily variation of magnetic activity in high latitudes are characterized
by the presence of three mexima - morning, daytime,
and evening. These are most clearly expressed at
stations Godthaab, Bukhta Tikhaya and Wirangel
TIsland (figure 1).

According to current data there is no simple
relationship between the time of appearance of the
morning and daytime maxima of magnetic activity and
the coordinates of the stations; this can be seen

from figure 2.
Analyzing the observational data from 20
magnetic stations located in the Arctic north of
B = 60° (including observations made by Soviet ex-
é‘:i;z(;llI;lisfh;aE’Bacgtawedibions and drifting station "North Pole-2" in
Tikhaya the central Arctic in the period 19L8-1951) which,

nt time span (1882-1951) and for the most

ot s 8 12 6 220
Universal time

Figure 1, Typical daily
variation of magnetic
activity in high lati-

it is true, operated over a differ

varied periods of observation (from 2 weeks to several years), the author
considers [L] that the isolines of simultaneous (with respect to UT) appear-
ances of maximum morning magnetic disturbances in high latitudes north of
3= 60° are a system of spirals (figure 3) emanating from the pole of uniform
terrestrial magnetization., These spirals differ samewhat in form for various
hours of UT, which can explain the non-agreement of the earth's rotational
axis witn tiic exis of magnetization.

At present, it can no longer be doubted that only solar corpuscles,
penetrating the upper layers of the earth's atmosphere, can be the primary
cause of irregular disturbances of the earth's magnetic field, The resulss
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Gecmagnetic latitude

| I »
82022 0 2 4 6 8 1012 14 1618 A
Universal time Local time

Figure 2, Time of the approach of morning (e) and daytime (x) maxima of mag-
netic activity vs the gecmagnetic latitude, referred to Universal and local
time.

of an analysis of the features of the occurrence of magnetic disturbances
given by us in [5] gives grounds for assuming that the point of view of the
phenomena of magnetic disturbances and polar aurorae developed in the theories
of Birkeland [6) and Stdrmer (7] evidently corresponds quite well to reality.
We should once again note, however, that this theory has been sharply eri-
ticized by Shuster (8], and up to the present time, the majority of geo-
physicists have regarded it as being poorly founded theoretically and un-
acceptable.

If, despite all this, the Birkeland-St8rmer viewpoint is considered to
be correct, the linmes (figure 3) of the simultaneous occurrence of a morning
maximum in the frequency and intensity of irregular magnetic disturbances
given on the basis of observations of the disturbance field on the earth's
surface, should be examined as the projection of those real lines perpendicular
to which the trajectories of solar corpuscles descend when they themselves
penetrate into the upper layers of the earth's atmosphere in the region near
the Pole, a certain conditionel sphere which is concentric with the earth's
surface, Here the distribution of the approaching stream of solar corpuscles
in spirels, i.e,, the possibility of the invasion of corpuscles into the upper
layers of the atmosphere, corresponding to a certain position of the spiral, is
determined by the parameters of the corpuscles (mass and velocity).
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Thus, in nature, the following evidently occurs,
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At some fixed moment

of time, e.g., at 2000UT, the stream of solar corpuscles, depending on the
spectrum of the mass and velocities of the particles, and also on their sign,

Figure 3, Diagram of the simultaneous appearance

of the maximum of morming magnetic disturbances

(the numbers of the isolines give the hours uT).

a - the second zone of magnetic disturbances, b -
the first zone.

enters the earth's atmos-
phere at places located
along the spiral whose
projection is also the
spirsl for 2000 in figure
3. The most intense
morning magnetic dis-
turbances develop in
these regions of the
Arctic, Further, as
the earth rotates from
west to east, if the
solar corpuscles approach
as before, the region of
invasions of corpuscles
and magnetic disturbances
will, correspondingly,
embrace high-la titude
regions corresponding
on the map to spirals of
2200, 2100, 0200, 0400,
0600, etc. and again up
to 2000UT.

It would be inter-
esting to check the re-

sults obtained from observations in the Arctic for the Antarctic. In Ant-

arctica, where the southern magnetic pole is located, the spirals should

rotate counterclockwise; thercfore the spirals in figure 3 were symmetrically

transformed for this region (figure L). For Antarctica we have data only
from three stations - Cape Evans, Cape Denisson and Gauss Land, At these
stations the moming maximum of magnetic disturbances occurs & 2200, 0300
and OL4OO respectively. According to the is line chart for these stations,
the moment of the morning maximum is 2000, 0300 and 0800 respectively., The
agreement between the observed data and the isolines is quite good. Only
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for Gauss Land is there a 3-L hour discrepancy.
fnalysis of the observational results of magnetic disturbances in the
Arctic, which we cannot dwell on here, also made it possible’to draw the

conclusion [L4] that in the region

= near the Pole, in addition to the

well known zone of meximum recurrence
and intensity of polar aurorae and
magnetic disturbances located at
® = 65-68°, there is a second zone
of increased activity of these geo-
physical phenomena (figure 3) lo-
cated near the Pole (B = 78-80%).
This conclusion; based on
experimental data, was recenply
confimed theoretically, Alfven
[9], exemining the theoretical
question of the physical mechanism

of the occurrence of magnetic dis-

Figure L. Hypothetical diagram of the  Curpances and polar airorae, came

simultaneous appearance of the maximm
of morning megnetic disturbances for
Antarctica.

to the conclusion that in addition
to the ordinary zone of polar
aurorae and magnetic disturbances,
there should exist still another inner zone of increased intensity of these
phenomena, This zone, according to Alfven, should be located at @ = 80°,

A comparison of the experimental data obtained from magnetic disturbances
in high latitudes with Birkelend's laboratory experiments and the results of
Stdrmer's theoretical investigations can be useful in explaining the mechanism
of the occurrence of these phenomena under the influence of solar corpuscles,
and they show the direction which further theoretical examination of the
given group of questions should follow,

From Birleland's experiments it is known that under definite experimental
conditions, cathode rays (electrons) settling on a magnetic sphere - "terrella"
located in a vacuum, cause illumination on it, in the form of a spiral located
around the magnetic pole and emanating from it.

From these experiments it follows that the settling of cathode rays onto
the "terrella" occurs such (figure 5) tha on its southern pole the illumi-
nation forms a spiral rotating counterclockwise. However, the southern pole
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of the "terrella" corresponds to that magnetic pole of the earth which is

located in its northern hemisphere in the Arctic. points where the trajectories intersect the shhere surrounding the magnetic

dipole is a spiral emanating from the pole of the dipole (figure 6), The
e position of the points on the spiral is
determined by values of the parameter y:

-1<y<r/2c where c =-‘/ﬂ§

The direction of rotation of the spiral is
determined by the pole of the megnetic di-

pole and the sign of the charged particles.
StSrmer showed that the angular dis-

tance © from the Pole of those places where

solar corpuscles can penetrate is deter-

mined (for y = -1) b; e equati
Figure 6. The geometric location ¢ Y )/ ¥ the equation
of the voints of intersection by sin 6 = ]/ o/ e
‘the trajectories of charged par— Vo
ticles of the sphere surrounding
the magnetic dipole (according to

a b

Figure 5, The settling of cathode rays onto a "terrella" in Bir-
keland's experiments., a - on the southern pole of the "ferrella®
orresponding to the Arctic), b - on the northern pole of the

where r is the distance from the center of

terrella” Etﬁgmgl_")é 1 ;;Y s ;9-3; 2 AR the earth to the lower boundary of the
5 - :(’= Z0.7; 6 _'Y’ - -O-gi 7 7275 polar aurorae, M is the magnetic moment of

A comparison of the forms of the spirals in Birkeland's experiments with -0.855 8 - v = -0.9. the earth, e is the charge of the corpuscle,

the svirals of figure 3 showsthat they rotate in opposite directions. e m is the mass of the corpuscle, and v is its velocity.
know that the direction of rotation of the spirals *s determined by the sign
of the charge of the particles or by the noles of the magnetized sphere. In
addition, we can draw the same physical interpretation both from Birkeland's
experiments amd from the experimental data in figure 3, On this basis, we

can conclude that solar corpuscles penetrating toward the earth in the Arctic

region near the Pole and causing morning magnetic

positively charged. MNost likely, these are protons. We can find confir- |

mation of this in the results of spectrographic investigation of polar aurorae.

Hydrogen lines were detected in aurorae spectra where their Doppler shifting |

indi cated protons approaching the earth with a velocity of 800-3000 km/sec. |
Regularities of the geogranhic distribution of morning magnetic dis=-

P78

Figure 7. A comparison of the isoline of the simultaneous ap-
pearance of the morning meximum for 2200 and Stt‘)‘mer's theo-
but in turn lend good = pport to the results of the theoretical examination retical curve., a - the case where the pole of Stormer's di-~

of the movement of electrically charged particles in the field of the magnetic pole coincides with the pole of uniform terrestrial magne-

f °c tization; b - the case where the pole of St8rmerts dipole is

dinole, advanced by Stormer (7, 10]. shifted somewhat relative to the pole of uniform terrestrial
Mathematical computations of the trajectories of charged corpuscles in magnetization.

the magnetic dipole field have shovm [10] that the geometric location of the ‘

turbances which were found not only agree well with Birkeland's experiments,
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Figure 7 shows a single-scale representation of Stdrmerts theoretical
curve and the isoline of the simultaneous sppearance of the morning maximum
of magnetic disturbances carresponding to 2200UT. The isolines corresponding
to other hours of the day do not give as good agreement. The choice of any
single isoline seems quite well founded because of the following. The curwe
obtained by St8rmer pertains to a magnetic dipole having magnetic moment
M = 8,52 x 102 CGS. Ve can assume that at any moment of time during the day,
the earth's megnetic field is so oriented with respect to the line earth-sun
that its effective influence on the approaching stream of solar corpuscles
will most closely coincide with the influence of the pole of the dipole whose
magnetic moment M = 8.52 x 102 ces.

hen examining the extent of the agreement of these curves, we must con-
sider that 1) the accuracy of drawing the isolines of the simultaneous ap-
pearance of maximum morning & sturbances camnot be great, since actual data
for such an enormous region of the earth's surface were insufficient and
highly heterogeneous both with respect to observation time and their duration,
2) the magnetic moment of the earth differs from the moment used by St8rmer,
ard 3) the computed position of the poles of uniform terrestrisl magnetization
possibly does not coincide with their actual position.

Figure 7 gives two examples of the comparison of curves when a) the pole
of Stdrmer's dipole coincides with the pole of unifomm terrestrial magne-
tization and b) the pole of Stdrmer's dipole is shifted somewhat with respect
to the pole of uniform terrestrial magnetization in order that the curves
will most closely agree. Such a shift is allowable on the basis of the
reasons given above.

In any event, very good agreement is noted between the theoretical curve
obtained by Stdrmer and the experimental curves obtained on the basis of mag-
netic observations in the Arctic.

In connection with this, we should mention the recent works of Bennett
and Hulburt [11] who showed that use of the concepts of a self-focussing cor-
puscular stream can help overcome the main difficulty in the Birkeland-
stdrmer theory and can invalidate the criticism of this theory, which is
based on the fact that a stream consisting of charged particles of one sign
cannot exist due to electrostatic repulsion.

Various authors' computations of the self-focussing effect have shown

that a stream of protons and electrons ejected from the sun at a wide angle

ar e rapidly self-focussed in a narrow stream which actually consists of

- 103 -

protons alone. Such a stream will deflect toward polar zones in agreement
with St8rmer's computations. The authors have examined those astrophysical
conditions under which the process of self-focussing can occur and have come
to the conclusion that these conditions can actually exist.

On the basis only of magnetic data, the spirals of figure 3 can, despite
the agreement with Birkeland's experiments and Stdrmer's computations, never-
theless raise some doubt, since the number of points used to compute them is
comparatively small, Therefore, it proved very valuable to have found that
the results obtained are well supported by observations of ionospheric dis-
turbances,

We know that intense ionospheric disturbances in high latitudes are
characterized by a number of phenomera and in particular by the fact that
during vertical sounding there is a complete lack of reflections from iono-
spheric layers in all shortwave frequencies (anomalously high absorption -
radio blackouts), This phenomenon is connected with the complete absorption
of the energy of short radiowaves in the lower layers of the ionosphere, which
is the result of a shmrp increase in ionization at these levels, It should
be noted that along the radio beam paths which pass through regions where
anomalously high absorption is observed, shortwave radio communication is
noticeably disrupted amd in certain cases completely cut off,

The absorption of radiowaves in the ionosphere, observed throughout the
entire illuminated hemisphere of the earth and connected with flares of UV
radiation on the sun (the Dellinger effect), will not be examined here as
being of another nature.

Anomdl ously high absorption (from now on we will call it simply absorption
is observed in high-latitude regions. The maximum number of cases of ab-
sorption occurs sproximately in the zone of maximum intensity and recurrence
of magnetic disturbances and polar airurae, located at geomagnetic latitudes
o = 65-68°.

s in a
considerable number of the cases, with the simultancous appearance of magnetic
disturbances. This gave grounds for assuming that the penetration of solar
corpuscles into the upper layers of the earth's atmosphere is the cause of
such absorption., The regularities of the geographic distribution of absorption
and changes in the probability of their appearance with time (daily variation,
seasonal variation, ete.) have not been studied sufficiently until recently
and there are still many questions which must be answered both for solving
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scientific problems and for the field of radio communications.

One of the little-studied questions in the relationship between geo-
graphic position and the time that the maximum occurs is the daily variation
of thé probability of the appearance of absorption.

From observations it is lmown that absorptions of the examined type most
often occur during the first helf of the day. However, it has not been pos-
sible up to now to discuss this in more detail because of the lack of system-
atized data from a brosd network of ionospheric st ions. .

Meek [12) investigated sbsorption according to the data of 17 iono-
spheric stations. However, his conclusions, based on analysis of only 9
large ionospheric disturbances, require further confirmation. In 195k, Agy
[13] and Cox and Davies [14] published results of investigation of absorption
from observations of 19 ionospheric stations which, for the most part,
operated from 1949 through 1953, Corresponding data for these ad certain

other stations are given in the table.
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These articles [13, 1] contain information on the daily variation of a
number of cases of absorption and of the time of their most frequent appsarance.

The authors used the moment which corresponded to the maximum phase of
the first harmonic of the Fourier series as the time of the maximum recurrence
of absorption. In our opinion, considering the irregular nature of this phe-
nomenon, it would be more correct to choose the time corresponding to the
direct maximum from the curve of the daily distribution of the probability
of absorption which, in fact, we have done. These moments for local time
are taken from the curves of article [1L] with an accuracy up to *0,5 hours
and are given in the fifth column of the table; these same moments for UT
are given in the sixth column. The difference between the moments given in
the sixth column and those corresponding to the maximum of the first harmonic
of the Fourier series reaches four hours for certain stations.

Above it was shown (figure 3) that the isolines of the simultaneous
appearance (UT) of the meximum of morning magnetic disturbances is a system
of spirals emanating from the pole of uniform terrestrial magnetization.

Since it was shown that for all ionospheric stations for which we have
information on magnetic activity the maximum probability of absorption in
their daily variation agrees with the maximum of morning magnetic disturbances,
for all st ions listed in the table, the moments of maximum were taken from
the spirals in figure 3, UT, with an accuracy up to 0,5 hours, These
moments are given in the seventh colunn of the table. It should be noted
that on the basis of the magnetic data at our disposal, the spirals in figure 3
were dravm in the western hemisvhere only up to ¢ = 600. Therefore, in order
to give the moments of the maximum for stations such as Winnipeg, Ottawa and
others, the spirals of figure 3 were extrapolated to ¢ = b0°. The time of
the maximum probability of absorption, obtained from the experimental curves
(sixth column) practically coincides with the time taken from the spirals
(seventh column). An examination of the differences (eighth column) shows
that for 16 stations it is spproximately #0.5 hours, i.e., equal to the
accuracy with which the moments were tsken from the curves. Only for stations
located in the zone of maximum magnetic disturbances (Kiruna, Troms8 and
Point Barrow) did this difference reach greater vslues, 2-3 hours. Here it
should be considered that the accuracy of drawing the girals in figure 3 is
actually least in this region, since the intensity of the morning maximum of
magnetic disturbances at these latitudes is very low and the time of its

appearance is very difficult to determine,
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The following should be noted apropos of the results of this examination.
The absolute maximum in the frequency of appearance of abso rptions occurs
primerily in the zone of maximum magnetic disturbances and polar aurorae, in
which the nighttime magnetic disturbances reach their greatest development,
while the time of the most frequent appeerance of -absorption for stations
located in this zone (Churchill) agrees best with the morning magnetic dis-
turbances. For stations located in the zone of polar aurorae, the maximum
number of absorptions does not coincide with the nighttime maximum of mag-
netic disturbances, but appears 3-6 hours later, All these questions require
further investigation and consideration.

From the sbove analysis of the daily variation of magnetic activity in
high latitudes, the assumption was advanced that in regions near the Pole,
north of @ = 752 there should be a second zone of increased intensity and re-
currence of magnetic disturbances; the form and lo- ammr -— ——— o
cation of the proposed second zone are shown in l
figure 3. The observational results of absorption B i

000

given in [13] and [1L] support this assumption 7

quite well, Thus, e.g., figure 8 shows that the

greatest number of absorptions is observed at zuuu. : s

Churchill station which is located in the region of

the well known first, more southerly zone of max-

imum intensity and r ecurrence of magnetic distur- 1ove b
bances and polar aurorae. Then, further to the
north, there is a sharp decrease in the number of
cases of absorption up to the Baker Lake station, £
after which we again note a great increase up to Figure 8. Frequency of the
Resolute Bay station. A comparison of these data :Eipeizzsc:s?fgzﬁzil:;;‘;: f;c_
with figure 3 shows that Resolute Bay station is itude (according tg Cox and
actually located in the region of the second zone Pa:lﬁ:;{:on} ; ‘fn(}:luszgliug. ;'
which we propose, while Baker Lake station is lo- L - Baker Lalg:;’ 5 - Resolute

v e -

a0 s 6t

cated between the first and second zone.
Thus, the distribution of the appearance of sbsorption at 4 high-latitude
stations located along the same meridian does not contradict the assumption of
the existence, in the Arctic region near the Pole, of a second zone of in-
creased intensity and recurrence of magnetic disturbances, buo, rather, con-
firms it.
The assumption as to the possibility of the existence of a second zone is
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also confirmed by data given in the above-cited work {13]), These data (figures
9 and 10) are given in the form of isolines of uniform recurrence of absorption
and equal daily amplitudes of its variability. The crosses on these figures
correspond to stations listed in the table (1-19).

0°f |

90°w
Figure 9. A map of the distribution Figure 10, A map of the distribution
of uniform frequency of the appear- of equal daily amplitudes of thedaily

ance of anomalous absorption for sume= variation of the frequency of the ap-
mer (according to Agy) pearance of anomalous absorption (ac-
cording to Agy)

An examination of these figures shows quite clearly that in the sector
90—100°W the total number of cases of absorption, as well as the daily ampli-
tude of the recurrence of their appearance to the narth of the first, more
southerly zone (® = 50-55°), decreases. However, this decrease continues only
up to latitude B = 650, after which the values of both characteristics of the
phenomenon of absorption again noticeably increases. It has not been possible
to state what occurs further to the north even closer to the Pole, because of
the lack of active ionospheric stations at that location., It should be noted
that such a latitudinal dependence in the changes of the total number of cases
of the appearance of absorption and amplitude of their daily variation is best
seen in summer, If we consider that the magnetic disturbances in the Arctic
region near the Pole reach their maximum intensity also in summer, the con-
nection between the phenomena of morning magnetic dirturbances and morning ab-
sorptions becomes even more likely.

An examination of figures 8 and 9 shows that data on the geographic dis-
tribution of absorption and on daily changes in the probability of their ap-
pearance give good support to the assumption that there exists, in the Arctic
region near the Pole, a second zone of increased intensity and recurrence of
magnetic disturbances and that the position and shape of this zone in first
approximation has been correctly depicted. Now there are grounds for assuming
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that this is also a second zone for ionospheric di sturbances - more accurately,
for anomalously high absorption.

The obtained results allow us to conclude that the geogrephical distri-
bution of morning magnetic disturbances and the anomalously high absorption of
radiowaves in the ionosvphere, charaoteristic of high latitudes, are identical
in a number of respects. This gives grounds for assuming that solar corpuscles
which cause the appearance of morning magnetic disturbances are probably also
the cause of a considerable number of cases of anomalously high absorption of
radiovaves in the ionosphere.

Interesting data have been given in the article by Booker et al. [15].

The authors analyzed the reception of radio signals from a specific radio
std ion in Ithica, south of Lake Ontario,

and cases of the anomalous arrival of

waves from unusual directions were
jdentified with the reflection of radio
waves from sporadic formations in the
jonosohere which were connected with
polar aurorae. The daily variation of
such cases has two maxima, one of which
occurs in the evening hours, and the
other at 0300 (figure 11). This latter
a paximum, given in UT, coincides exactly

with the corresponding spiral in figure
| 3.
The examined phenomena of various
L\ :

5

4; A\ branches of geophysics give reasons for

i ) E assuming that the regularities which we

o J fourd correspond to the objective regu-
¢ larities of nature.

Figure 11, a - location of the re- From all that has been said we oan
ceiving station, transmitting sta=-
tion and the directions from which
the radio signals arrived, reflected tigatioms, as well as the results of new
from sovoradic formations; b - daily
variation of the frequency of cases
of the arrival of radio signals re- geophysicists, give sufficient grounds

flected from sporadic formstions. for asserting that the basic positions

conclude that the results of our inves-

investigations of a number of foreign

of the theory of magnetic disturbances and polar aurorae expressed by Birkeland

and St8mmer are correct, to a considerable extent.
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Since an explanation of the mechanism of the effect of solar corpuscles
on the upper layers of the earth's atmosphere is one of the important questions
involved in the problem of solar corpuscular radiation, further development
of the Birkeland-St¥rmer theory on the basis of new experimental data is
necessary.
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QUESTIONS AND ANSWERS

E. T. MOGILEVSKII. Are there dif ferences in the geographic di stribution of
morning and evening disturbances? Why is the spiral di stribution of the
periods of disturbances given far morning disturbances? )

A. P, NIKOL'SKII, We investigated both morning and evening magnetic d:LStuI‘T
mentioned most specifically in +he lecture were for morning

On the basis of the results of investigation of mag-

bances. The rules
magnetic di sturbances. >
netic disturbances in high latitudes, obtained in a number of our works, it
seems to us that there should be no major difference in the nature and mecha-
nism of the occurrence of morning and evening magnetic di sturbances.
fore, it is also possible that the regularities of geographic distribution

: s will be similar to those

There-

of the phase of maximum evening magnetic disturbance
of which we have been speaking.
A more definite answer to this question can be found in the lecture by
0. A, Burdo [page 159 of original] who pointed out that in the daily variation
of the component of the vector of a mvagnetic disturbance in the horizontal
plane there are three maxima, coinciding exactly with the three maxima in the
éaily varistion of magnetic activity (with respect to r;;). One of these
maxima is the morning maximum of magretic activity which we investigated.
Burdo pointed out that the isoline of the simultaneous appearance of
the phase of the nighttime maxdimum in the daily variation of the component
of the vector of a disturbance in the hori zontal plane is also a spiral, but
rotating counterclockwise. This result lends good support to the fact that
between the morning and evening magnetic disturbarces there is evidently no
ossential difference in the sense of the nature and the mechanism of their
appearance.
V. A, BARANUL'KO, How do the spirals behave for the morning disturbances of

NIKOL'SKII. The time when the morning magnetic disturbances appear occupies
part of a day, 5-6 hours, Morning disturbances with maximum intensity are
Therefore, we believe that if we take

at all

her, not maximum, intensity?

observed, on an average, for 1-2 hours.

s s 5]
the entire interval of the day when morning disturbences are observed
the investigated stations, we should draw, on the corresponding mep, not the

lines pertaining to an hour, but bands pertaining to an interval of several

hours,
On the basis of Burdo's lecture we can consider that this will hold for
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the nighttime hours as well,

If, in his question, Baranul'ko wished to clarify how nighttime magnetic
disturbances will behave in the sense of their geographic distribution, this
is explained in the answer to the preceeding question,

B. li, TANOVSKII., How do you explain the appearance of the field of a mag-
netic disturbance?

NIKOL'SKII. 1In our investigation we devoted most of our attention to a study
of the morphology of irregular magnetic disturbances, since it is they which
actually determine the main content of magnetic storms., We made no attempt

to explain the appearance of the field of magnetic disturbances - the deviation
of the magnetic field vector from its value on quiet days,

As a result of the research conducted, we consider that the theoretical
positions of Birkeland and Stdrmer most closely correspond to the results ob-
tained, On the other hand, as we know, the field of a magnetic disturbance
is still difficult to explain physically if we use the Birkeland-St8rmer
theory. In tiis regard, other geophysicists, using other concepts, developed
theories of magnetic disturbances. Such theories are those of Chapman-
Ferraro, Alfven, etc. TIn his lecture, Burdo first clearly showed that there
is a very close connection between the undisturbed value and the intensity
of irregular di sturbances and deviation of the field vector. Therefore, it
seemed that abtempts to use the postulates of the Birkeland-St&rmer theory to
explain the magnetic field of disturbances should be continued, however, and
should not be disregarded by geophysicists,

BARANUL'KO, Why is the method of harmonic analysis, used by Agy, unacceptable

for determining the time of the phase of the maximum daily variation of

anomalous absorption?

NIKOL'SKII. When studying irregular magnetic disturbances, we definitely -
concluded that use of harmonic analysis to study curves of the distribution of

random ocourrences in a particular time interval is unacceptable,

The daily variation both of magnetic activity amd of znomalous absorption
(studied by Agy) is none other than the curves of the distribution of the
recurrence of random irregular disturbances. Therefore, the use of harmonic
analysis in studying them does not agree with their physical nature but is of
a formal character,

In this regard, when using the observational results given in Agy's ar-
ticle, we used the moment which corresponds to the direct maximum on the curve

of the daily variation as the time of maximum recurrence of cases of anomalous
absorption.
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THE CONNECTION BETWEEN SOLAR ACTIVITY AND GEOMAGNETT.C DISTURBANCES

vy
A, I, o

The aim of the present communication is to draw the attention of the par-
ticipants of this meeting to some results of recent works on the problem of the
connection between geomagnetic disturbances and solar activity.

Many statistical investigations have been devoted in the past to compari-
sons of sunspots and disturbances of the earth's magnetic field. The basic
conclusion from them is as follows. Magnetic disturbances (mainly, the strong-
est ones) can be considered as being connected only with the largest spots,
which occur relatively rarely. liost geomagnetic disturbances (in particular,
those of moderate strength) and groups of sunspots are not connected, Newton
[11] found that a noticeable increase in geomagnetic activity occurs after the
passage through the central meridian of the sun only of spots of large area
(S > 1000 millionths of a hemisphere [mh]). There were 70 such spots in 30
years (1914-1SLL). A considerable increase in geomagnetic activity, meking it
possible to speak of the existence of a definite connection between magnetic
00 mh), but in

disturbences and spots occurs only for very large spots (S > 15
1z is somewhat more

P

the 30 years, there were only 2isuch “sputs.
s near which bright chromospheric flares

conspicuous if we select groups of spot
occurred (intensity 3 amd 3+). 1In this case, the connection remains approxi-
mately as close, but the number of groups increases to 92 (the mean area of a
group of spots is 642 mh). But in this case as well, the geomagnetic distur-
bences connected with soots fom a small part of 211 disturbances (e.g., 612
storms were noted in 191L-19L0 in the “avlov Catalogue of Magnetic Storms).
1f, however, to characterize groups of srots, we introduce the radio

emission connected with them, the close connection with geomagnetic disturb-
ances sharply increases, Denisse [8] discovered that the spots with which
increased radio emission in the wavelength 1.77 m is connected are very closely
associated with geomagnetic activity. On the other hand, spots devoid of radio
emission cause a decrease in geomagnetic activity. Becker [1] found that pairs
of spots (or groups of spots) located in the same heliographic longitude but in
different solar hemispheres also lead to a decrease in geomagnetic activity.

Let us examine the results of a Jjoint investigation by both authors
(Becker and Denisse [2]). In 1948-1950, only 221 groups of spots in all were
noted. These groups were divided into 114 type R groups (accompanied by radio
emission) and 107 type Q groups (not accompanied by radio emission). R groups
were sub-divided into 82 R' groups (single) and 32 RP grouns (forming pairs
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which are symmetrical with respect to the sun's equator), The Q groups were
divided into 68 Q' groups and 39 QP groups on this same basis, Then, using
the method of swuperimposing epochs, curves of geomagnetic activity were con-
structed (according to the international characteristic numbers C), while days
where groups of R', RP, Q' and QP spots passed through the central meridian
of the sun were considered separately as zero days. The results are shown in
0 figure 1, The height of the peak of magnetic
activity for R! spots exceeds the height of the
peak obtained by Newton for 2L very large spots
selected over 30 years. Here, however, 82
groups were chosen from only three years, From
this we can see the high effectiveness of the
new method of selecting geomagnetically active
groups of spots, Naturally, the results given
above do not indicate that all R! groups cansed
magnetic disturbences, Fifty-five percent of
these groups were accompanied by values of C =
2 1,0 (1-3 days after the central meridian had
been crossed), i.e., by magnetic disturbances,
but 19% of the groups were accompanied by values
of C € 0,5, i.e,, the geomagnetic field was
relatively quiet. Becker and Denisse note that increases in magnetic activity
connected with R' groups consisted either of storms with sudden beginning or
of disturbances not displaying a tendency toward 27-day recurrence.

Simon [15] continued these investigations, studying the influence of
chromospheric flares on the closeness of the connection between R spots and
geomagnetic activity. Here he selected, for 1947-195L, 83 particularly
eruptive spots, near which was observed at least double the number of flares
observed, on an average, for all spots, for this time period, and 123 least
eruptive spots, near which was observed, at most, half the number of flares
on the average, for all spots, These spots can be divided into R and @ spo;s:

Number of Number of
R spots  Q spots
Sk

- -
09|
08|
a7} -
3
as

04

Figure 1

Eruptive spots 29
Non-eruptive spots Lo 83

As a result of investigations using the method of superimposing epochs, it
turned i:ut that an increase in geomagnetic activity is connected only with R
spots, independently of their “"eruptivity." This is understandable, since the
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characterization of the neruptivity" of spots, as selected by .S:Lmon, is con-
nected basically with the presence of weak flares, which comprise the over-
whelming majority of all flares.

Simon selected (for the same years
3+ m::Zity. of these, 55 were connected with R spots and 31 wivith Olsx.aohs;n
Flares conmected with R spots were subdivided, depending on their p:slt:z:tance
the disk, into central (32 flares) and non-central, i.€., located.a. :a o
more than 45° from the central meridian (23 flares). Sut-:h a subdlv:tszo:h a
made for flares connected with Q spots (21 central eruptions). USS.Of ? .
method of superimposing epochs showed that an increase in geomagnet'lc act?’;'l. Y
occurs only for flares connected with R spots, indevendently of their pos;‘:on
on the disk. Central eruptions connected with Q spots even caused a sligl

) 86 chromospheric flares of 3 and

decrease in geomagnetic activity. ) )
Thus, we can assume that the radio emission of sunspots is accompanied by
s

i h the
ejections of geoactive corpuscular streams from the sun. This ag%‘ées wit!
familiar hypobhesis of I. S. Shklovskii, according to which ejections of cor-

puscular streams can cause oscillation of the plasma in the solar atmosphere,

genserating eplaoshas of radio emission. B o
In addition, the investi gations presented above show.tnar, a cervain
cabegory of sunspots, namely, spota devoid of radio emis?:um, cause a de- -
crease in geomagnetic activity. In recent years, investlgators'have repea’ v
come to the conclusion that the ya ssage of certain solar formations fahx.‘ough
the central meridian is accompanied by a decrease in geomagnetic- activity.
Waldmeier [7) found that the occurrence of spots in a long-lasting M~-region,

i.e in a portion of the sun's suriace void of any sisible manifestations of
-

solar activity but causing di sturbances of the geomagnetic field d\_Jring a num=
ber of revolutions of the sun, 1eads to a destruction of the M-region, where-
upon geomagnetic activity decreases; Bell and Glazer [3] suppc.mtedp the ob?erj
vations of Shapley and Roberts who showed that regions of 1ncrea?ed em:‘leslon
of the green coronal line lead, ii general, to a decrease in magnetic activity.
From the data of observations at Sacramento Peak Observatory from }950—1953,

Bell and Glazer found that 8-11 days after the appearance of a region of strong

omission of the green lines at the eastern limb of the sun, geomagnetic activity

decreases. On the other hand, the regions of unusually weak green-line emis-—
in which case the disturbances of
orm part of the

sion are accompanied by increased activity,
the magnetic field pertain to the category of storms which £ :
established 27-day sequence, 1.6., storms characteristic of M-regions,
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Bruzek [4] and Smyth [17] noted an analogous connection between storms of the
indicated type and regions of weak luminosity of coronal lines, Bell and
Glazer also investigated the important question of the validity of the so-called
"axial hypothesis" which explains the annual variation of magnetic disturbances
with equinoctial maxima by a change in the angle between the axis of the sun's
rotation and the ecliptic, i.e,, by a change in the heliographic latitude of
the projection of the earth onto the solar disk. According to this hypothesis,
in spring, magnetic disturbances should be caused mainly by those active regions
which are located in the southern solar hemisphere, and in fall, by regions in
the northern solar hemisphere, Regions of increased and weakened emission of
the green coronal line were divided into two groups, "favorable,'" from the
point of view of the axial hyvothesis, and "unfavorable' regions. The first
group contains regions located in the same solar hemisphere as the earth's pro-
jectiom, the second contains regions located on the other side of the solar
equator, with respect to the earth’s projection. Increases md decreases in
geomagnetic activity were very rarely expressed, on s average, for "favorable"
regions of weak and correspondingly strong coronal emission, and were absent
during the passage of "unfavorable" regions across the solar disk,

Thus, the axial hypothesis has been supported, Analogous results were
also obtained in the work by Bhargava amd Nagvi [S] v

e studied e chage in
disturbance from one revolution of the sun to sother for two very long 27-day
sequences of magnetic disturbances observed in 1950-1953, In one sequence,
the maximum disturbance was in aitumn and the minimum in spring; in the other,
vice versa - the maximum occurred in spring, the minimum in autumn, This is
easily explained from the point of view of the axial hgpothesis by the fact
that the active M-region responsible for the first sequence was located in the
northern hemisphere, while that causing the second sequence was in the southern
solar hemisphere, Both M-regions should have a heliographic latitude somewhat
exceeding 7c. Naqvi and Tandon [10] conducted a detailed investigation for
‘the period 1930-193L, Three stable sequences were identified, one of which
had a maximum in September (heliographic latitude of the li~region ¢ > 7“1\1’),
aother in March (o > 7°S), while the third had two maxima during the year
which correspords to an il-region located less than 7° from the equator,

All these facts attest to the validity of the axial hypothesis and indi-
cate a small solid angle of corpusculer streams which cause magnetic distur-
bances occurring in stable 27-dz sequences,

The problem of solar M-regions, i.e,, active regions responsible for stable
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longlived sequences of geomagnetic disturbances clearly distinguishable in the
27-day calendars on the descending branch of the ll-year cycle, is at present
close to being soclved. The key to the solution of this problem was evidently
the possibility of measuring weak magnetic fields on the sun's surface. At
the end of 1952 in Pasadena (California), an instrument was set up which made
it possible to measure very weak magnetic fields on the sun (Babcock [6]). The
noise level of the instrument was about O.l gauss, which made it possible to
measure fields with an intensity of about 0.3 gauss. The spectrograph slit
passes across the solar disk 22 times in 80 minutes (diameter of the image,

LO cm), which makes it possible to get the general distribution of the magnetic
field on the disk.

Observational results (Simpson, Babcock and Babcock [16]) have shown that
on the sun there exist two types of regions with magnetic fields: bipolar and
unipolar. Bipolar regicns are associated with spots, bright caleium flocculi,
and coronal arcs. The field intensity in them varies within wide limits, be-
ginning with 1-2 gauss. In unipolar regions, the field intensity is 0.5-1
gauss; these regions are not connected with any formations in the photosphere
or the solar corona. They are noted for their high stability (e.g., one of
these regions passed scross the central solar meridian 7 times, on 6 April,

3 and 30 Nay, 27 June, 23 July, 20 August and 15 September 1953). Considering

these dates as zero days, the authors, using the method of superimposing epochs,

constructed curves of geomagnetic activity (index Kp) and intensity of the
neutron component of cosmic radiation (from
observetions at Climax, Colorado). The
results are shown in figure 2, This figure
shows the curves, constructed by K. K. Fed-
chenko, of the mean daily amplitude of the
horizofital component of the geomagnetic
field (Ry) from data of the Polar Observa-

tory at Bukhta Tikhaya . The maxima on
the curves, despite the limitations of the

data, are so sharply expressed that no doubt

*) The comment by Fedchenko is very imber-
ecting; he states that the passage of this
unipolar region across the solar disk is
accompanied each time by a magnebic storm
detected at Bukhta Tikhaya.
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remains that at least this unipolar region caused, on earth, a number of mag-
netic disturbences and increases in the intensity of cosmic rays.

Naturally, similar comparisons betireen unipolar regions on the sun and
various geophysical phenomena must be made using a much greater volume .of ob-
servational data. The question of identifying M-regions on the sun's surface
can be solved only through the processing of such exparded material.

Several words should be 8aid as to the possible causes of decreases in
geomagnetic disturbances following the passage across the central meridian of
spots devoid of radio emission, spots which form pairs which are symmetrical
with respact to the equator and bright coronal regions. In all probability,
in these cases there are magnetic fields in active regions, whose intensity
ard direction are such that they lead to strong deflections of corpuscular
streams and to the formation of "rarefications" in continual solar corpuscular
radiation,

Inconclusion, I would like %o note that the question, posed long ago, of
the importance of dividing geomagnetic¢ disturbances into two basic types has
recently become particulerly interesting. Many authors have noted sharp dif-
ferences between magnetic storms with-sudden (Sc) and gradual (G) beginnings.
Certain properties of such storms are commared in the table at the end of the
article.

Evidently, corpuscular streams which cause magnetic stoms with sudden
beginning when they strike the earth differ in their physical properties
from streams which produce storms with gradual beginnings, Therefore, all com-
parisons of geomagnetic disturbonces with soler activity and other geophysical
phenomena (polar aurorae, atmospheric disturbcnces, tropospheric mrocesses)
must be made individually for storms with sudden and gradual beginnings, inso-
far as possible avoiding those characteristics ofi magnetic disturbances which
do not make such a division possible.
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Sc storms
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G storms | Authors

Duration

Nature of the re-
cording on the
magnetograph tape

Aperiodic vari-
ation during
storm

Tendency ‘toward
27-day recurrence

Change in 1l1-
year cycle

Annual varistion

Connection with
decreases in in-
tensity of cosmic
rays (I)

Usually 24=36 hours
about 10% last lng=-
er than 36 hours.

Repid variations.

often occurs in H.

Not sharply ex-
pressed, as a rule
these storms do not
form part of a se-
quence, sometimes
they form short se-
quences.,

The curve of the
number of these
storms is very simi-
lar to that of the
relative number of
spots (W), there is
no lag with respect
to the maximum.

In addition to the
equinoctial maxima

a third maximum is
observed (in summer
in northem hemi-
sphere and in winter
in southern hemi-
sphere).

Storms with inten-
sity above a certain
limit are always as-
sociated with de-
creases in I,

Sometimes last

-1

several days, about[
|

1/3 last longer
than 36 hours.

Slower variations,
usually there is

a phase difference
between variations
in H and D, bays
often occur.

None.

Sharply expressed,
particularly
stable and long
sequences 1-3 years
before the minimum
of the ll-year
cycle.

|sharply expressed

lag relative to the
maximum of the Lll-
year curve W for

~. 2 years.

Only equinoctial
maxima,

G storms are not
accompanied by de-
creases in I.

Newton end Milson
[12)

ewton and Milson
(12]

Pushkov and
Abramova [1h]
o1t [13]

Kitamura [9]
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QUESTIONS AND ANSWERS

IA, G, BIRFEL'D. Why do splashes of radio emission begin first in shortwaves
and then in longwaves?

A, I. OL', If we hold to the point of view that splashes of radio emission
are generated by corpuscular streams flying through the solar atmosphere, the
explanation is as follows: first, the stream generates a splash in the lower
layers of the solar atmosphere from which only radio emission in the centimeber
amd decimeter range can be emitted, and then in the corona, which allows pas—
sge of radio waves of the meter and shorter wave range. It should be noted
that we do not always observe the sequence of events indicated in the questionj
the reverse cases are also noted.

N. TA. BUGOSLAVSKAIA. What is the scatter of points in figures 1 and 2?

OL!'. Unfortunately, the authors give no statistical estimates of their results.

We can, however, make an approximate estimate of the reliability of the curve
from the value of the peak on the average curves obtained using the method of
superimposing epochs. The statistical results given in the report are suf-
ficiently reliable.

BUGOSLAVSKAIA. How are storms classif

OL'. 1In investigations of the connection between solar radio emission and

magnetic di sturbences, storms are not divided into classes. There are only
general indications of a preferable connection between storms with sudden
beginnings and spots which have increased radio emission.

K. K. FEDCHENKO, Can we consider that the Babcocks' work has solved the prob=-
lem of identifying M-regions?

OL'. T think that for a final solution of this problem, we need much more data
than that which the Babcocks used.
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disturbance have usually been investigated individually, which is clearly in-
correct, methodologically. In this regard, Burdo's results are of very great
interest.

Unfortunately, he did not try in any way to explain what determines the
occurrence of a magnetic disturbance at a particular point in high latitudes
at some position on the spiral, It is clearly insufficient to state, as Burdo
did, that this is a function of the appearance of increased conductivity in

the ionosphere, However, the cause of an increase in conductivity in the iono-

| sphere remains also as unclear. We know that the phenomenon of a magnetic dis-~
turbance is distinguished by its great irregularity and great fluctuations.
“hat are the causes of this irregularity and why the large fluctuation? These
are all important questions in the overall problem of magnetic disturbances,
but unfortunately they were completely disregarded in Burdo's lecture,

| Ve believe that in solving these problems the concepts of Birkeland and
Stdrmer can be of great help, i.e., the ideas that the controlling factors for
the invasion of solar corpuscles into various places of high latitudes are
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their sign and energy (velocity and mass), Many facts established recently
attest to the correctness of these ideas. Several of them were mentioned in
our lecture.

The contents of Burdo's lecture can be sumned up as follows. He examined
which phenomena in the upper layers of the earth's atmosphere could cause the
observed effects in the field of a magnetic disturbance, but he is not inter-
ested in the reasons for their appearance. In our lecture we devoted our main
attention to explaining why magnetic disturbances actually occur at a particular
place, and we attempted to explain why the invasion of corpuscles occurs at
specific points, and of what this can be a function; but, on the other hand, we
did not pay particular attention to the secondary phenomena occurring in the
atmosphere as a result of the invasten »f solar corpuscles.

It seems to us that the examined problem should be divided into two parts:
1) an explanation of the question as to how solar corpuscles invade the upper
layers of the atmosphere, and what determines the location where these cor-
puscles strike and 2) what processes.occur in the upper layers of the atmosphere
as a result of the invasion of corpuscles and how these processes cause geo=-
megnetic disturbances., Here, investigations should be so conducted that both
gides of the problem are investigated together, connected as closely as pos—
sible, Up to now, unfortunately, most of the works suffer from a lack of just
such an organic connection, This holds true both with respect to our inves-
tigations as well as to Burdo 's work.

V, I. KRASOVSKII, Here, several mutually contradictory points of view
have been expressed as to the nature of solar corpuscular radiation, and on
the results of its influence on terrestrial phenomena, All these viewpoints
have been presented in such a form that outwardly it appears that everything
is quite satisfactory, while certain discrepancies with fact are non-existent
and can be easily eliminated in the very near future, At present, there are
actually many interesting and convincing explanations of the various individual
sides of the question under discussion. However I must, with all frankness,
state that as yet there does not exist an all-inclusive presentation of the
whole cycle of questions connected with solar corpuscular radiation and its
influence on the earth, In order to construct an exhaustive theory in the
indicated direction, at present it is more exnedient not to gloss over the
existing contradictions with reality, but on the other hand, to expose them
with the aim of more rapidly solving them, 1leaving ne room for doubt or in-
accuracy.

- 123 -

If we are speaking of the appearance of polar aurorae, then first of all
<4 should be noted that therc would still be mony things not clear concerning
this very eimple phenomenon., Thus, €.g.; we as yet cannot state that all
polar aurorae are connected with the invasion of solar corpuscles - protons.
As yet the presence of protons in hydrogen emission has not been established
by any means for all forms of polar aurorae, Nevertheless, we definitely
must not disregard polar aurorae caused by solar corpuscular radiation of
electron composition. Certein arguments in favor of the gas discharge origin
of polar aurorae are very convincing; this is caused by induction phenomena
which accompany the movement of conducting plasma of solar corpuscular radiation
around the earth. It has still not been proved that hydrogen emission cannot
be caused by gas discharge phenomena. Hydrogen emission has been most accu-
rately established in the period ‘of the initial stages of the occurrence of
quiet arcs. The arc phenomenon itself is extremely interesting since it, evi-
dently, is created by the flat open fan of proton streams when the plane of
the fan is located at a certain slight angle to the magnetic parallel. Un-
doubtedly, this attests to some very unique structure of the initial solar cor-
puscular stream, or even to something else.

To explain the phenomenon of polar aurorae from the optical point of view,
we evidently do not need to assume too high a density of solar corpuscular
streams near the earth, For this purpose, most likely, as various authors have

pointed out, one corpuscle and le ss per cm3 will be sufficient, The assumption

of considerably greater density of solar corpuscular streams is not in good
agreement with fact. Actually, if we assume that the density of solar cor-
puscular streams near the earth is high, we necessarily have to assume that in
the zone of polar aurorae in the upper layers of the earth's atmosphere a
quantity of energy is absorbed which exceeds the energy absorbed in these
layers during the day, by many orders of megnitude., The influence of such
abundantly absorbed energy would be manifested in a strong increase in the
temperature of the upper atmosphere, in the accumulation in it of a large
amount of hydrogen brought in from the outside, etc, In order to.defend the
idea of the high density of corpuscular streams we must completely clearly
and convincingly draw the picture of all processes which will occur in the
upper atmosphere under these conditions and prove that the vroposed picture
agrees with that actually observed.

Tt seems to me that if we disregard the simplified model treatment of

electromagretic phenomenz, there is no principal difference between the Bennett-
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Hulburt hypothesis and that of Pikel'ner. There can be no different ex-
planations of the passage of one rarefied plasma through enother, The dif-
ference between the point of view of Bennett-Hulburt and Pikel'ner consists
mainly in the quantitative estimates of the corpuscular streams and an ionized
gaseous medium, Bennett-Hulburt propose that corpuscular streams have a den-
sity of the order of the density of the interplanetary medium, and are formed
in the space between the sun and the earth., Pikel'ner considers that solar
corpuscular streams may have such a high density that they actually fill the
entire interplanetary space, driving out the extraneous imization medium. From
>jkeltner's point of view, &n increase in the density of solar corpuscular
streams takes place in the denser jonized medium of the earth's atmosphere. The
Bennett-Hulburt viewpoint is more attractive in that it can be associated with
1e ss dense solar corpuscular streams. On the other hand, Pikel'ner's opinions
raise serious doubts due to the postulation of too high densities of solar
corpuscular streams. The Bennett-Hulburt hypothesis, according to which cor-
puscular streams of fast rotons are formed in the space between the sun and
the earth, does not explain why the distribution of streams is rectilinear

and is not disrupted by magnetic fields in this space, The Pikel'ner hypo-
thesis, which supposes a neutral corpuscular stream, 1S more acceptable in this
regard, Petukhov's hypothesis as to the neutron nature of solar corpuscular
streams can also avoid the just mentioned difficulty of the Bennett-Hulburt
hypothesis.

Tf we are speaking of the mechanisi of the ejection of corpuscles from
the sun, we should state immediately that the explamation of corpuscle ejection
by light pressure is in no way convinecing. As yet it is completely unclear
how atoms from the lower laycr of the solar atmosphere cen freely penetrate
the dense medium of the chromosohere and the corona, Not having explained this,
we cannot speak of any possibility of effective light pressure on atoms.
Astronomers are very skeptical toward the Petukhov hypothesis of powerful
neutron eruptions from the sun. Evidently, ther is nc sufficient physical

basis for mostulating that neutron streams reach the earth, since this requires
such a high concentration of neutrons on the sun's suriace that we can hardly
agree with it. However, it seems to me that there is a valusble idea in the
Petukhov hypothesis, if we introduce neutrons only to explain the ej ection of
corpuscles from the lower layers of the solar atmosphere beyond the limits of
the chromosphere and the corona. This does not require any inadmissable neu-

tron densities, while the very appearance of neutrons in the solar atmosphere
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could be explained by other completely possible phenomena. At present it is
sti11 impossible to state that on the sun's surface there occur no nuclear
reactions or processes generating a smdl number of neutrons, We alsc cannot
assert that neutrons cannot form as the result of the reaction of protons with
neutrinos radiated from the core of the sun or from outside it, Finally, the
generation of cosmic rays on the sun also does not exclude the possibility of
the formation of neutrons there and, what is mare, external cosmic radiation
is evidently capable of creating, in the outer layers of the solar atmosphere,
the small number of neutrons sufficient to explain solar corpuscular streams
of low density, not exceeding several corpuscles per cu”. In this case, the
disintegration of neutrons beyond the limits of the solar corona will lead

to the formation of ordinary proton-electron currents which could cause geo-
magnetic disturbances and polar aururae. Such a modification of the Petukhov
hypothesis seems.to be more attractive than the hypothesis of the ej ection of
corpuscles as the result of light pressure.

For a final solution of the problem under discussion, a careful critical
study of all viewpoints is necessary, without glossing over the contradictions
with fact and with cther hypotheses. To establish a valuable theory it is no
Jess important to increase the number and quality of the observations of
various manifestations of solar corpuscular radiation and its influence on the
earth.

K. K, FEDCHENKO, I would like to meke a brief remark regarding A, I.
Ol's opinion of the work by Simpson, Babcock and Babcock which he cited: "Uni-
polar magnetic regions on the sun and their connection with geomagnetic dis-
turbances" (Astrophysical Journal, 121(2): 3L9, 1955). The lecturer somewhat
belittles the value of this work in solving the problem of the identity of
Bartels! M-regions. It seems to me that this work is a serious attempt to
approach a solution to the indicated problem. On the basis cf the results
obtained, it is necessary to continue such investigations, particulerly during

the Tnternational Geophysical Year, since during this period a number of
stations studying variations in cosmic rays will be equipped with neutron

apparatuses.




T
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HYDROGEN RADTATTON TN THE SPECTRUM OF POLAR AURORAE
by
S, I. Isaev

I consider it pertinent to report that in the Murman branch of the NIZMIR
(Nauchno-issledovatel'skii Institut Zemnogo Magnetizma, Ionosfery i Ras-
prostraneniia Radi ovoln) investigations have begun of the spectra of polar
surarae in the visible region,

Tn the winter and fall of 1955 {January, Fehruary, lMarch and October)

A, E, Veller obtained more than twenty spectra on the di ffraction spectrograph
(£:1,2, dispersion 330 R/mm). These spectra are still being processed.

A preliminary malysis of these spectra has shown that in a number of N
spe ctrograms the Hy hydrogen line has been detected both shifted and not
shifted toward the violet due to the Doppler effect, depending cn the orien-
tation of the instrument with respect to the earth's magnetic field,

Hydrogen apre ared very clearly with the photographing of diffuse arcs,
diffuse bands and diffuse luminescence.

Molecular mitrogen shows up strongly with radial forms of the aurorae and
in this case we can not say definitely whether the H, line appears; it can
be greatly masked by the positive nitrogen system. The maximum velocity of
the hydrogen atoms responsible for the excitation of the aurorae was determined
from Doppler shifting of the H, line (of the order of 60 R); it proved to be
approximately 3000 ¥m/eec, which agrees with the data of Meinel and Gartlein,

Below we give several spectra of aurorae with the I-X‘1 line in the sequence
in which they were obtained.

Figure 1 shows two successive spectra of polar aurorae taken during the
night of 18-19 February 1955 during a typical polar magretic storm from 2200-
0300 Moscow time (from now on, all times will be expressed in loscow time).

The upper spectrum was obtained at the start of the development of the
aurorae, when unified arcs prevailed, the lower spectrum during the strong
flare of the aurorae (drapery, corona, arc). The H  line is clearly visible
in the first spectrum, t in the second it is difficult to detect because of
the strongly developed nitrogen system,
spectra of polar aurorae taken on the night of 10-1l tarch 1955 during a large
All three spectra were taken in the zenith from 2130

Figure 2 gives three successive

magnetic disturbance,
through 0330,
first hour of exposure. During the second hour, weak diffuse illumination
was photographed; Ha is absent (or is masked). The middle spectrum was ex-—
posed for three hours (2330-0230),

Bright forms were photographed in the upper spectrum during the

Diffuse illumination end bands were photo-
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Tigure 2

- graphed in the zenith, Ha is present (there is an increase in the nitrogen
band due to the superposi*ion of hydrogen radiation), The bottom spectrum was
also exposed three hours (0230-0530). Weak diffuse illumination was photo-
granhed; Ha is sbsent.

The spectrum given in figure 3 was taken on 22 March 1955 (als o during a
large magnetic storm) with an exposure of 1h30m (2230-0000), During exposure,
diffuse bends predominated. Intense hydrogen radiation is visible in the

spectrum,

Figure L gives a spectrum of an aurora taken on the night of 22-23 Octo-

ber 1955 during a weak magnetic disturbance which occurred from 2232-0245.,

Wéak illumination on the northern horizon was photographed, The hydrogen line

is clearly visible in the spectrum,
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by the scattering by free electrons which move along magnetic lines of force.
The aithor is inclined to interpret the shift toward high f (receeding move-
ment) as a charge directed from the earth's surface. The charge (radial forms)
occurs when the charge ab the level of the E layer becomes extremely large.

Tt has been proposed that at the NIZMIR during the IGY, in addition to
other research, systematic study will be organized of the hydrogen radiation

in the spectrum of polar aurorae.

Figure 4

A preliminary amalysis of the aurorae spectrum obtaine ! 'during various
phases of the development and for various forms near the zone of polar aurorae
gives grounds for assuming that hydrogen atoms (protons) constantly appear, but
when the charge associated vithh the advence of protons becomes large at the
level of the E layer of the ionosphere there is a vertical di.scharge which is
manifested as radial forms, At this time hydrogen cannot be detected because
of the masking of H, by the intense radiation of the nitrogen bands. As soon
as the vertical discharge ceases, hydrogen is once more detected in regular
forms,

These conclusions are being verified, Work along this line is being con- -
tinued., A detailed aalysis of the spectra obtained will be vublished at a
later date,

The conclusions that have been drawn hypothetically in this article are
suoported to a certain degree by radio observations of polar aurorae conducted
in Alaska in 1954 (X. L. Bowles. Journal of Geophysical Research, 59(L):
533-555, 195L).

The signals feflected from the aurorae revealed Doppler sh‘}fting of fre-

quency f. Shifts toward lower frequencies are well correlated with regulai-

forms of aurorae. In this case, in the author's coinion, reflection is caused
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THE EOUATION OF QUASISTATIONARY IONIZATION EQUILTBRIUM IN THE F 2 REGION
AND SOLAR CORPUSCULAR RALT o

y
E, I. Mogilevskii

1. The role of solar corpuscular radiation in the ionization of the
ionosphere, particularly during disturbed periods, has been repeatedly examined
in literature, mainly from the point of view of ‘explaining the phenomenon of
polar arorae, The investigation of corpuscular ionization in the F2 region
has been mainly qualitative. Several well-founded quantitative estimates of
the intensity of solar comuscular radiation which would follow from iono-
spheric data were not obtained; nevertheless, there is a large zmount of ob-
servational data which attests to the considerable role of corpuscular ioni-
zation in the ionosphere. These are features of the daily and seasonal vari-
ations of ionization and also the variation of ionization during the solar
cycle in the F2 region in middle and, in particular, high latitudes, the
nature of the behavior of ionospheric Jdisturbances, etc, A theory of icno-
spheric-magnetic disturbances cannot be constructed without a quentitative
analysis of the ionizing role of solar corpuscular radiation. The results of
this analysis should provide a basis far é better approach to the question of
the comparison of the ionospheric data with phenomena in active regions of- the
sun, The aim of the present article is to establish a method for the quan-
titative estimate of the ionizing role of corpuscular radiation for ionospheric
data and the possibility of obtaining from these results certain characteristic
parameters of sclar corpuscular streams,

In the B2 region of the ionosphere the equation of ionospheric equilibrium

dn_ 2

— +an " =Q (1)

dat
(n_ is electron concentration and o the effective coefficient of recombination)
during disturbances should be solved for the ionizing function Q(t), a function
of time., In this case, equation (1) becomes nonlinear and does not have a
clear = lution. Making the substitution

_1g
n_= = a% (2)
we get equation
2
L% - aya(t) ®)
dt
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whose solution can be found in the form of the series
¥=(yo+ Wy, + &gy + .. expl -t D@ (L)

Substituting (4) in (3) with arbitrary o gives a system of subsequent in-

equalities: P
6 -eJn-0 |
%'%’yu + Z%%“* ot
1

d*p dP _d¥yp
Bt PE =T

(5)

The solution of this system of differential equations determines the values of
¥y in series (L), The ravid convergence of the series is assured when there is
a relatively slow change in the jonization functien.

This latter is given by the inequality

L4<E0. (6)

where t‘o is the examined time interval., When the indicated, condition of quasi-
stationarity is fulfilled which, as is easily seen, can be done in the F region
of the ionosphere, we may limit the solution of (1) to two terms:

7
no= (O LE )

When dQ/dt &0 we get the ordinarily accepted solution of the equaticn of
ionization equilibrium. Numerical estimates for the F2 region show that even
during relatively weak ionospheric disturbances the second term becomes com-
parable with the first term. The obtained solution of the equation of quasi-
stationary equi]_ibrimn* can be of essential value when analyzing ionospheric
conditions during undisturbed periocds as well (e.g., when analyzing the daily
varistion of ionization, examining the results of ionospheric observations
during solar eclipses, etc,), loreover, it is evident that when examining
ionization equilibrium during disturbances; when the ionization function

changes due to the variations in the intensity of solar ionizing radistion

*) Part of the present work, in which the solution of the equation of quasista-
tionary equilibrium was obtained, was done at the Scientific Research Institute
of Terrestrial Magnetism in 1949,
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and possible changes in the ionospheric conditions themselves, it is necessary
to use the solution of the equ ation of quasi stationary equilibrium (7).
In the general case, the ioni.zing function cean be represented by two com-

ponents, caused by wave and corpuscular ionization radiation of the sun:
@ = § [Fy (t,2) Bycosy+ Ip (¢.2) 6§ (¢,8)] n°(z) dz. (8)

Here F, (t,2) is the intensity of solar wave radiation with froquency v )v >
where vy is the limiting frequency of jonization for the ac'blveb component of
the leyer, B, is the Einstein coefficient of the probability of induced photo-
jonization of the active component of the layer, x is the zeni. th distance of
the sun, Is(t, z) is thc intensity of corpuscular jonizing radiation, O the
offective cross section of corpuscular jonization, W(t,B) the factor which de-
+oymines the atmospheric equivalent, which takes the movement of ionized cor-
puscles in the earth's magnetic field into account, B is the geomagnetic dec-
lination, end n°(z) the concentration of the active component of the ionosphere,
For saslyzing corpuscular ionization we may choose those conditions under
which the first term can be disregarded with sufiicient approximation., Such

conditions’are realized, e.g., duri:
the high latitudes during disturbances. In this case, without giving eny

g the pight in the middle and particularly

specific ionization mechanism ve assune that solar corpuscular radiation
operates directly in the zone of aurorae and directly or indirectly in regions
adjacent to the aurorae. In order to get an idea of the parameters of the
solar corpuscular stream from ijonospheric datba, which pertain to the level of
the maximum ionization of the layer, we must consider the change in the inten-
sity of the jonizing stream when passing through the entire upper layerup to the
maximum ionization of the F2 region.

The change in the intensity Is(t) of the corpuscular stream when passing
through layer dz will be

11] =1/ u.l;u“(u P 3)dz )
If we assume that charged solar corpuscles approach the magnetic lines of

force at an angle 6(t), the effective atmospheric equivalent will be determined
by _the expression

*) In other words, atoms and molecules of the abmosphere'w‘nich basically under-—
go ionization at given heights,
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The di.stribution of the concentration of active atoms with height can be rep-
reseated by the equilibrium formla

R au

where n; is the concentration of active atoms with mass m at the level of max-
imum ionization, taken as the level of the start of height computation z = 0,
k is the Boltzmann constant, and T is the temperature at the examined level.
If we assume the following temperature distribution with height

Pes 70 (1 an) (12)

where a is the positive temperature gradient with height (usually r- L-8° km'l)

and Tm is the temperature of the level of maximum ionization, we get

we ) et (1)

13)
where
b (1)
Substituting expressions (10) and (13) in (9) and integrating, we get
/ . o | — WA Bty see w N R —_
Jen (20000 L e (=07, (15)

where I oo (s,t) is the intensity of the solar corpuscular stream beyond the
limits of the earth's atmosphere. The ionization function g, caused by cor=
puscular ionization at the level of the maximum layer, will be

“im = 1 e e (16)

where g, is the energy of ionization of the active atoms of the layer., Sub-
stituting expression (15) into (16) we get
e S Gesecp
I all b

5: Jotetyile Qan
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Substituting the megnitudes L and dqm/d'l‘ in formula (7) for the electron
concentration ab the level of maximum ionization With quasistationary equi-
librium we get (the subscripts are omdtted)

(18)

A8 s e A L
ar we i

[ [ , L\T/( N e ”'I(',,

Expression (18), because of the small value of the effective cross seotion of
ionization O, cen be simplified samewhat and given in the form

1 1 dun dR e et A
P G it

3

mi "/” =)z g (181)

4 % -
Ve

An examination of expression (18') shows that the electron concentration at the
level of maximum ionization can be examined as consisting of two parts: n

reg
and D rregt The first of these

L[ du dheem i Ate s )

Preg [ T T T, ] (19)
changes regularly and is mainly a function of the ionospheric conditions proper,
and tke second @,
B ar /el

Jreand: "

n, =4 (20)

irreg

is determined from the form ond changes of the energy s ctrum of the solar geo-
tream of corpuscles. Such a classification can be made using the

effective stream of

corresponding method of processing ionospheric observational data. Let us
introduce an expression for the energy spectrum of golar corpuscular streams
in the form

Iie.lvde ~ N (t)e Yde (21)

. whose parameters N(t) and 4 can be determined experimentally. Such a type of
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energy spectrum must be chosen because of consideration of the interaction of a
corpuscular stresam with the upper corona and the interplanetary medium, because
of the possible statistical mechanisa of the generation of the stream, the
necessity of "sewing together" the spectrum of cosmic rays during solar flares
and the spectrum of the geoeffective corpuscular stream, etc, Substituting
(21) in (20) and integrating, we get

141(‘
nes e Un @

)

(22)

In first approximation, as can be easily seen, the second temm can be dis-
regarded, This gives

fm e

(23)

Let us examine the case dy/dt = O, i.e., when the form of the energy
spectrum of a corpuscular stream does not change with time., Then, after inte=-
grating, we get

Ny= N peap (= Ax gty

(24)

where ny is the irregular disturbed part of the electron concentration in the
F2 layer at the level of maximum ionization at moment ti at the selected ob-
servation point. A series of measured values of n; mgkes it possible to trace
variations of the psrameter Ni in the corpuscular stream, It is not difficult
to see that even very noticeable changes of Ni in the corpuscular stream do not
lead to large changes of nys i.e,, in *tuc Fe layer during disturbances we
should not observe very rapid and large fluctuations of electron concentration.
This explains the quasistability of the ionosphere during disturbances, which
has been deduced from observations., If we examine different «:lues of Ani

(at definite momemts of t

1—.1} for ionospheric stations located in a limited
region where the ionospheric parameters change uniformly (during individual
periods of ionospheric disturbances such regions can be identified when exam-
ining synootic ionization charts), assuming tha dy/dt # O in (23), after
integration we get the following expression

Ay (=)= s 1. (25)
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where Yo = < c
- s C =
A =1ngy and Ei= ny V& ‘;,Q_ (29)
Thus, 2 system of values of the average ionospheric difference data A_ni where C is the integration constant, Then, as will be shown below, series (L)

for a definite territory makes it possible to trace a change in the magnitude v can be limited to the first term, Substituting (28) and (29) in (L), we get

Preliminary computations have shown that the magnitude v —~ 0,6 and, evidently,

changes very little during disturbances. Summing up, we may state that during o '\’I o (30
the corresponding processing of ioncspheric data we mgy turn to a quentitative Ve °
estimate of the stream parameters, Any theory of the emission of corpuscular And, finally, substituting (30) in (2) we get the desired soluticn of equation
streams from active regions of the sun should first of 2ll explain the ob- “ (7

i 1ati . The | i N s .
served energy s ctrum of the stream and its possible time variations. : e third equation of (5) makes it possible to estimate the magnitude ¥y

nfirmed by the fact . and tius determine the representitivity of the approximate solutian (7). Let

The validity of such an approach to the problem is coi
that from the very solution of the equation of quas stationary ionospheric us assume that the solution for y, has a fom analogous to expression (29) for
Vo where C.will be a function of time, i.e.,

equilibrium there follows the relative stebility of the ionosphere during dis—=
turbed periods, which can be confirmed by statistical ionospheric datae
Y= Ca) [yt 1)
APPENDI X
Then, substituting (31) in the third equation of (5) we get
Since the solution (7) of the equation of jomization eqilibrium (1),
providing the ionization function Q(t) changes with time, cen have a number of 2(YEC = (32)

addenda, let us show the solution in somewhat more detail. We will seek a

solution of equation (3), as shown above, in the form of a series (L) which vhence
gives, after substitution in (3), the system of equations (5). The first two
equations of (5) (33)
(@ — W2, - 0
(26) * Then,
O 27 .
are easily integrated. h = (3)
since ¥, # 0, from (26) it follows that
If we substitute in (3L4) the expression for y: which follows from (29) we get
v or o= VT 28y

'
my s (DY) \{\ I a— “ @yt i,/,_ (38)

where O is the conditional moment of the start of the disturbance or the zero
fixed reading of the examined ‘time interval.
Integrating (27) we get

From (35) we get

*) Obviously, ¥ cannot be less than zero.

'

.
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Partisl integration gives

‘

mo_ VoLt \ ) N2

w = T s N
. f

73dt ==
37)

. ‘
[ 10 dQ oy
=— o= S(“ Qg
v d

Let Q be a monotonous function. Then dQ/dt and d 1n Q have the same sign for
the interval (Oyt). From this it follows that
|

(om0 ), (0 Qe (38)
J

Y Smax

Multiplying both sides of equality (37) by a—l/Z md considering (38), we get

- S e U Y
a [=h o] = 5 (W) Ml <
: o
[ &)
o) = L (1 ) < 2
P ,\W\ - ”:“x' (d,/'j' (l'-‘)(lu Do -
or,
T g .
a9 e 2 (I Qad (40)

In order that solutioa (30) containing the first term of series (L) be

sufficiently representative, inequality

o

0 (L)

mist be fulfilled. According to (40), fulfilling inequality (L1) is equivalent

to fulfilling the following two inequalities:

VR YT YL e)
\\dt/max max
(n Q) 22 (L3)

Condition (Lh2) is fulfilled if we examine "slow" changes in function Q in the
sense of the determination given by inequality (6). Ineuality (42) can be
examined as a specification of the condition thatachan . .n the ionization

function Q is slow.
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QUESTIONS AND ANSWERS

I. S. SHKLOVSKII. How do you picture the ionization-mechmnism?

E, I, MOGILEVSKII. As I have already reported, when solving the equation of
ionization equilibrium in the ionosphere and when gnrlying it to an estimate of
the characieristic parameters of the corpuscular stream, it was not necessary
to introduce any specific mechanism of the interaction of solar corpuscles cf
the stream with atoms (molecules) of the ionosphere., The interaction mechanism
must be made more specific when using the definite value of the effective
diameter of the ionization of ionospheric atoms by solar corpuscles. When
exanining the ionization of the F2 region of the ionosphere, the energy (and,
accordingly, the velocity) of corpuscles is relatively low (V~5 x 107en x

x sec ). Ve cannot consider that in our case, e.g., there is an active re-
charging mechanism since in this case one would have to observe conspicuou$
hydrogen illumination of the entire F layer even in the middle latitudes,
Assuming that we hsve a mechanism of impact ionization by relatively slow

heavy corpuscles, we find that the mean concentration in the stream should

be 210° em™,




